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NEW USES 
FOR STEEL... 


Forged steel housings, in place of castings, on anew 


four-high cold mill built for the Sheet and Tin Plate 


Industry, excited the interest and favorable com 
ment of over 500 steel mill executives who attended 
the A. I. & S. E. E. Inspection Trip held in connec 
tion with our campaign for “New Uses for Steel” on 
May 20th at the FE. W. Bliss Company, Salem, Ohio. 
It is predicted that the general adoption of this type 
of housing to rolling mills will mean a market for 
150,000 tons of Steel a vear. However, rolling mills 
are only one part of the machinery field. The uni 
versal acceptance of fabricated rolled Steel in the 
design and construction of all machinery offers an 
outlet for more huge tonnages. This is clearly 
shown in a paper by Mr. H. G. Marsh of the Car 
negie Steel Company, presented before the American 
[Iron and Stee! Institute and abstracted in this cur 
rent issue of the Iron and Steel Engineer. Quoting 
from the conclusion of Mr. Marsh’s paper, he states that 
“From estimates made by those who are in close 
touch with these latest developments of fabricated 
rolled steel in connection with machine construction, 
they offer a potential increase of several million tons 


to the production of our plate and structural mills.” 


To aid in developing this attractive market for 
fabricated rolled steel, the Association of Iron and 
Steel Electrical Engineers, as sponsors of the cam 
paign for “New Uses tor Steel” suggest that to give 
this development the proper start the impetus should 
come from within; by which is meant the Steel 
Industry itself should make every effort to absorb 
as much of its own product as possible on all new 
machinery and to make extensive use of it in its 
maintenance work. By submitting fabricated rolled 
Steel to the many diversified and arduous conditions 
met with in the manufacture of Steel, a testing lab- 


oratory would be set up through which many of its 





advantages and disadvantages would be brought to 
light. The results of these laboratory tests on fabri 
cated rolled Steel would provide many of the selling 
points necessary before its general acceptance by 


the designers and manufacturers of machinery. 


AX © 242 2 & @ 
CONVENTION AND 
EXPOSITION ... 


With favorable signs pointing to nearly normal 
operating conditions in the Steel Industry by Fall, 
the Board of Directors of the Association of Iron & 
Steel Electrical Engineers are formulating the plans 
for its Twenty-ninth Convention and Exposition, 
which will be held October 17th, 18th and 19th at 


the William Penn Hotel, Pittsburgh, Pa. 


These plans, which your Board of Directors are 
shaping, promise a Convention and Exposition of un 
deniable merit. Papers and discussions are being 
arranged for the Electrical, Mechanical, Lubrication, 
Combustion and Safety Engineering Divisions, which 
will in a thorough manner survey the contemporary 
and future engineering problems of the Industry. 
The Iron and Steel Exposition, held in conjunction 
with the Cenvention, will house all the steel mill 
equipment manufacturers’ latest engineering develop- 
ments. The awarding of prizes for the best sugges 
tions contributed in connection with our “New Uses 
for Steel” campaign will be one of the Convention 


highlights. 


You, your friends and associates are cordially in 
vited and will be most welcome at our technical 
sessions, where the jatest developments in steel mill 
apparatus and practices will be described and dis 
cussed, as well as at our Exposition, where this new 
equipment will be on display. Arrange your plans 


now to attend. 
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Air Conditioning Equipment for 
Rolling Mill Motors 


By C. J. SMITH 
Elec. Engr., Illinois Steel Co., S. Chicago, Ill. 


The following discussion is a review of develop 
ments in the use of air conditioning equipment for 
rolling mill motors as experienced at South Works 
of the Illinois Steel Co. Roughing Mill motors of 
the direct current reversing type operate a large per- 
centage of the time at from zero to base or full 
voltage full field speeds and do not afford effective 
self ventilation. For this reason the ratings of such 
machines are specified contingent upon the circula- 
tion of definite amounts of ventilating air. Adjust- 
able speed direct current motors and continuously 
running alternating current motors are usually con 
sidered as self ventilating and are rated without re 
gard to a supply of ventilating air. 

In many cases however, local conditions warrant 
and even necessitate the circulation of air to such 
machines. For example, space limitations governing 
the size of enclosing structures or motor rooms, may 
result in a building too small to allow the removal 
of the heat, produced by internal motor losses, as 
fast as generated. Ultimate temperatures may then 
be encountered which will rapidly deteriorate the in 
sulation of the windings and render successful opera 
tion impossible. In continuous mills, where there is 
a concentration of motors and motor generator set: 
of very large aggregate capacity in a relatively small 
space, such a condition may obtain, even though 
there are no space limitations except those dictated 
by a reasonable height of crane and roof and a rea 
floor space for dismantling of 
Likewise 
may 


sonable amount of 
equipment in case of necessary repairs. 
the presence of acid fumes, scale, 
make necessary a supply of clean air to the motors 
to prevent commutation difficulties or insulation fail 
ures. 

The first development of air conditioning equip 
ment at South Works was in connection with the 
1000 HP—600 volt DC reversing motor on the 30” 
Universal Plate Mill. This motor with its fly-whee! 
motor-generator set was the first installation of the 
Ilgner system in the United States, and was put into 
operation in 1907. Being under the mill crane run 
way it was necessary to use a low roof construction 
allowing passage of the crane, over the motor room. 
The motor room floor is some four feet below the 
mill floor level. On one side were the slab-heating 
furnaces, on a second side was the mill, and on a 
third side was the hot bed. The secondary resist 
ance, used to slow down the wound rotor induction 
motor driving the flywheel motor generator, and 
thereby limit power input peaks by causing the fly 
wheel to deliver up a part of its stored energy, con 
sisted of grids cut in and out of circuit by the action 
of air operated contactors. In later installations 
liquid slip regulators have been employed, which are 
equipped with coils circulating cooling water, and 
thereby removing a large portion of the heat genet 
ated by the dissipation of the motor secondary pow 
er. However in this case all secondary power was 
dissipated in resistance grids and appeared as heat 
in the motor room. 
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Presented before the Chicago District Section 
of the A. |. & S. E. E., March, 1933. 


Not withstanding the above described conditions 
conducive to excessive motor and motor-room tem 
peratures, the equipment was operated successfully 
for several years without any system of ventilation. 
This was made possible to a large extent by the lib 
eral design of the machines. A modern motor of 
the same size and weight would probably be rated 
at double the horse-power of this early installation. 
llowever as the rate of steel production was in 
creased to double that which had been anticipated, 
the motor room began to reach undesirably high 
temperatures. A home-made washer consisting of a 
fan blowing air through water soaked cheese-cloths 
and used for a time. 

In 1918 an additional mill was 
to the Universal Mill, with the reheating 
directly opposite the motor room, and made the in- 
stallation of a ventilating system imperative. 

A wet type air conditioning equipment was in 
stalled consisting of a fan designed to deliver 20000 
C. I. M. of air against a static pressure of 2” of 
water, and driven by a 30 HP motor. Air is brought 
in through a series of eliminators to the spray cham 
ber, where it comes in contact with the finely dif 
fused water from the spray nozzles. The air is then 
drawn out through a second set of eliminators, which 
remove most of the water and dirt, and delivered to 
tunnels leading to the pits under the motors and 
generators in the motor cold weather, a 
steam coil, located in the path of the incoming air 
before it reaches the spray chamber, is used to heat 
the air sufficiently to prevent freezing of the spray 
The air is removed from the motor room by 
ventilators in the roof. It is not possible in this 
case to recirculate any part of the ventilating air, 
since the conditioning equipment is remote from the 


was installed 
adjacent 
furnaces 


located 


room. In 


water. 


motor room. 
The next installation of air conditioning equip 
ment for roll drive motors was made in 1922 at the 


‘These mills were 
engine to 


132” Sheared Plate Mills. 
over at that from 
motor drive. Each three high mill 
with a 5000 HP—375 RPM wound 
motor slip regulator, reduction gears, 
of 63,500 HP seconds stored energy. 


90” and 
steam 
was equipped 
rotor induction 
and flywheels 
Low 


changed time 


root con 
passage of 


was again employed to allow 


struction Q ; 
Very limited floor space 


the overhead mill crane. 
was available for the electrical equipment. The re 
sulting motor rooms were therefore very small and 


conditioned air was necessary, to 


temperatures. 


the circulation of 
insure reasonable motor room 

One air conditioning equipment was provided for 
the two motor rooms. being remotely located no 
recirculation was possible, and a steam heated tem 
pering coil was installed to prevent freezing of the 
water. A fan of 30,000 CFM capacity against 
pressure of 1 inch, operating at 238 RPM 
The driving motor is rated at 20 HP 


spray 
a static 
was provided. 
170 RPM. 
Difficulties encountered on 
scribed installation, due to the small apertures in the 


the previously de 
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spray nozzles becoming frequently clogged by the 
dirty mill cooling water, led to the trial of an entirely 
different type of water diffusing equipment. A 5” 
nozzle discharges a full stream of water against the 
apex of a conical spray head. The spray head is ro- 
tated at 1500 RPM by a 3 HP motor. A circle of 
closely spaced pins, parallel to the axis of rotation, 
is mounted near the periphery of the rotating spray 
head. The water travels along the conical surface 
of the rotating spray head until it meets the pins 
which act as beaters and diffuse the water into a 
very satisfactory spray. Eliminators ahead of the 
spray remove dirt and eliminators after the spray 
eliminate moisture and entrained dirt. The air is 
delivered to the motor rooms through an insulated 
duct at a velocity of 2000 FPM. It is discharged 
into the motor pits, and out through roof ventilators. 

The next installation of motor room air condi- 
tioning equipment was in connection with the No. 
2-40” Blooming reversing motor drive, installed in 
1925. The motor is a 7000 HP 0-50-120 RPM—600 
volt DC reversing motor, receiving power from 2- 
3000 KW generators driven by a 5000 HP, 500 RPM 
wound rotor induction motor. The total installed 
capacity of electrical equipment in this motor room 
is 15,300KW. 















The type of air conditioning equipment is similar 
to that described for the 90-132” Plate Mills. Being 
located in the same room it is possible to recirculate 
air in cold weather and reduce steam consumption 
for preheating of air ahead of the spray chamber. 

In 1926 the 12-16” Alloy Bar Mills were con- 
structed. The main motor room contains 8 motors 
totalling 6500 HP., 600 volt DC motor generator 
sets of 4000 KW capacity, 250 volt DC motor gener- 
ator set of 1000 KW capacity and 3 air compressor 
motors of 300 HP each. The motor room is sur- 
rounded on all sides by mill buildings and natural 
ventilation was not practicable. The roll motors are 
non-reversing, with a 2-1 speed range by field weak- 
ening. These, along with all the other equipment 
listed, are normally considered self-ventilating, but 
it was decided to install ventilating equipment to 
limit the high temperatures anticipated in the motor 
room. A 1600 HP roll motor and another of 800 HP 
located in the mill proper, and enclosed in very snug- 
fitting steel enclosures were arranged to get cooling 
air from the main motor room system. 

The air conditioning system is of the wet type 
and is non-recirculating. Air is drawn in to the con- 
ditioning chamber, through a tempering coil and 
eliminators to the spray chamber. The two spray 
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; heads are driven by 3 HP 1450 RPM motors. The power from a motor generator set consisting of a 
spray water is recirculated by a similar motor. After 5000 HP, 375 RPM wonpnd rotor induction motor, a 
passing through additional eliminators, the air is de flywheel of 15300 HP seconds stored energy, and 2 
livered to the fan room. The main blower is of 3000 KW 700 volt DC generators. The ventilating 
> 25000 CFM capacity, at 2” static pressure, operates air requirements for the reversing motor, as speci 
at 375 RPM and is driven by a 20 HP-720 RPM fied by the manufacturer were 45000 CFM, at a static 
motor. This air is delivered to a main duct extend pressure of 2.6 inches of water. The air condition 
ing the full length of the motor room. Branch ing equipment as installed provides 60000 CFM of ai 
ducts deliver air to the roll motor pits. at a static pressure of 3.5 inches. The additional air 
A second fan of 10000 CFM capacity at 6” static was used to supply air to the motor generator set. 
pressure delivers air to the 2-roll motors in the smal! The additional pressure was provided to allow for 
steel houses in the mill, and to table and hot bed loss of pressure in the duct system and assure deli 
auxiliary motors. This fan operates at 1440 RPM ery to the motor according to the manufacturers 
and is driven by a direct connected 25 HP motor. specifications. The fan operates at 355 RPM and is 
Three 800 HP motors driving finishing stands on driven by a 75 HP-725 RPM motor. 
the 12” mill are located on the opposite side of the The normal supply of air used is taken from out 
mill in a small low-roofed building and are supplied side the motor room near the ground level and is 
by a second air conditioning system. <A fan of 10000 sent to a spray chamber through a set of eliminators, 
7 CFM capacity at 1” static pressure delivers air to louvers and another set of eliminators. In the cham 
these motors after being conditioned by an equip ber, a mist is formed by two sprav heads moving 
ment similar to that just described for the 12-16” against streams of water which are forced out 
; mills. The fan operates at 470 RPM and is driven through as many nozzles by one of two pumps tak 
by a 5 HP motor. ing water from a pan forming the bottom of the 
In 1927 the 35” Blooming Mill was changed over chamber. The water used is recirculated with make 
from steam engine to motor drive. The motor is a up provided from the plant system by a float valve. 
700 volt DC-6500 HP reversing motor, supplied with One, or both, of two fans draws the air over this 
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FIG. 3. 


path and sends it through four other sets of elimi- 
nators to a main tunnel. The purpose of these elim- 
inators is to remove dust and as much as possible of 
the suspended moisture picked up in the spray 
chamber. From the main tunnel, the air is divided 
into branch paths, one for the 6500 HP roll motor 
and one for the motor-generator set. Air checks are 
provided in all branches of the tunnel. The air for 
the set is further subdivided to allow each of the two 
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generators and the induction motor to get its share. 

A steam coil is located in the system just ahead 
of the spray chamber, to prevent freezing of the 
spray water in cold weather. Outside air louvers 
may be closed, and recirculating air louvers opened 
in cool or cold weather and satisfactory tempera- 
tures maintained in the motor room with a minimum 
use of steam. 

The above described air conditioning systems 
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have been only moderately successful in cleaning 
air. Considerable heavy particles of dirt are elimi 
nated but very fine dirt and particularly soot, have 
no trouble in finding their way into the motor rooms 
and into the machines. Therefore when the No. 1 
10” Blooming Mill and 28-32” Structural Mills were 
changed over from steam engine to motor drive, in 
1928, an entirely different system of air conditioning 
was installed. 

The electrical equipment in the 1—40” Blooming 
Mill consists of 2-3500 HP-0-50-120 RPM DC re- 
versing motors, receiving power from a flywheel 
motor generator set consisting of a 5000 HP wound 
rotor induction motor, a flywheel of 175000 HP sec. 
stored energy, and 2-3000 KW DC generators. <A 
series connection is used, with the midpoint of the 
generators grounded, giving a 1500 volt circuit with 
a potential of 750 volts to ground, In this same 
room is also a 1000 KW synchronous motor genera- 
tor set supplying 250 volt direct current mill auxili- 


aries. 
A dry type air conditioning equipment was in- 
stalled. The incoming air is drawn through elimi- 


nators to endless screens. These screens are rotated 
3” per hour and at the bottom are immersed in oil. 
Since the screens are approximately 216 inches long, 
the entire surface is cleaned by the oil in the bottom 
tank, once in 72 hours. ‘The rotating action is in- 
termittent, normally, but by causing the driving mo- 
tor to operate continuously, the complete rotation 
can be accomplished much more quickly if desired. 
The total area of screens, one side only, is 131 sq. 
ft. The air requirement for this installation is 65000 
CFM giving a velocity of 500 ft. per minute. It 
should be noted that the air must pass through both 
the front and rear areas of the endless screens. The 
air then passes to air mats or filter papers. These 
are arranged to give 7.5 times the area of the oil 
screen with a resultant air velocity of 60 to 70 feet 
per minute. From the air mats the air is drawn to 
one of two fans, each driven by a 75 HP motor, and 
delivered to a tunnel leading to the reversing motor 
and the motor generator set. Recirculating louvers 
were provided and are used in cold weather to con 
trol motor room temperatures. In warm weather 
no recirculation is employed. 

The electrical equipment in the 28-32” Structural 
Mill motor room consists of a flywheel motor gener- 
ator set made up of a 7500 HP 375 RPM motor, a 
flywheel of 175000 HP sec. stored energy and 3 gen- 
erators of 3000 KW capacity at 750 volts, and a 3500 
HP 0-50-120 RPM %50 volt DC reversing motor 
driving the 32” mill. The 6000 HP 0-70-140 RPM 
motor driving the 28” Finishing Mill is in a separate 
room, connected by a tunnel used to accommodate 
the bus bars and ventilating air for this motor. The 
air conditioning equipment is similar to that employ- 
ed at the No. 1-40” Blooming Mill, namely oiled 
screens and air mats. Due to the fact that the 28” 
mill motor is remote from this room, none of its air 
can be recirculated. The air discharged into the 32” 
motor room may be recirculated. Since the greater 
proportion of air must be taken from out doors at 
all times, steam coils were installed ahead of the oil 
screens to temper the incoming air during cold wea- 
ther. 95000 CFM of air is required for this equip 
ment and is circulated by either of 2-125 HP motors 
driving suitable fans. 
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The two equipments just described were very 
effective in cleaning the air coming into the motor 
rooms. The oiled screens removed considerable 
quantities of heavier particles of dirt. However sut 
ficient quantities of dirt passed the screens to com 
pletely choke up the air mats in a few days opera 


tion. The air mats as installed were in a practically 
horizontal position and could not be cleaned except 
by removal of the individual frames. Soon afte 


these installations were made information became 
available relative to mounting these mats in an al 
most vertical position and equipping them with hand 
or motor operated rapping devices. With such an 
arrangement which allows the accumulated dirt to be 
quickly and cheaply removed, the life of the filter 
papers 1s greatly extended and maintenance reduced 
to a reasonable figure. However space limitation 
prevented such a rearrangement in the cases just 
described and due to excessive maintenance cost the 
use of the air mats was abandoned. Using the oiled 
screens above, the effectiveness of these air condi- 
tioning equipments is comparable to that of the wet 
types previously described. 

When the construction of the Illinois Beam Mill 
was started in 1930 it was realized that no-one of 
the existing types of air conditioning equipments at 


South Works was desirable for the new mill. It 
was therefore decided to dey elop the idea of recircu 
lating the motor room air. This scheme requires the 


use of surface type coolers in the path of the air, to 
remove the heat picked up from the machines. The 
amount of heat to be removed corresponds to the 
total losses in all machines, less the heat radiated 
by the walls and ceiling of the motor room. By 
employing a make-up fan of relatively small capacity, 
delivering air to the motor room through a reason 
ably good air filter, very little dirt is introduced into 
the room. Furthermore the make-up fan maintains 
a positive pressure in the motor room and all leak 
age is outward, preventing the infiltration of mill 
dirt. 

The equipment in the 54” Blooming Mill of the 
Ilinois Beam Mill consists of 2-5000 HP 600. volt 
DC reversing motors and a motor generator rated 
as follows: Induction motor 6500 HP, 3-3500 KW 
600 volt DC generators and flywheel, with slip regu 
lator and exciter sets. A 1000 KW _ synchronous 
motor generator set supplies 250 volt direct current 
power for mill auxiliaries. ‘wo propeller type fans 
each rated at 70000 CFM against 5.5” static pressure 
and driven by 75 HP 1450 RPM motors are located 
near the main motor generator set. Air is drawn 
across the motor generator set and delivered to a 
basement. The air then passes through a_ surface 
type cooler and is delivered to the reversing motors 
and thence back into the motor room. Air make-up 
is provided by a 30000 CFM fan drawing air through 
air mat cleaners. 

The coolers consist of 3 units of 50000 CFM ca 
pacity requiring a total of 1125 GPM of cooling 
water. The water is not wasted but passed on to 
the mill for use on rolls, reheating furnaces, etc. 
This amount of cooling water will absorb 1125 x 8.34 

9400 B.T.U. per degree rise in temperature. Oper 
ating data show a rise of 8°, indicating the removal 
of 75000 B.T.U. per minute from the circulating air. 
The specific heat of air is 1238 B.T.U. per pound. 
At the temperature and pressure obtaining in this 
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which checks approximately with operating condi- 


case, the weight of air is .07 lbs. per cu. ft., giving 
tions. Air enters the coolers at 115° to 120° F and 


a specific heat of .016 B.T.U. per cu. ft. With a 


circulation of 140,000 CFM a lowering of air temper- leaves at 80° to 85° giving a drop of approximately 

ature of one degree would require the removal of 35° F, 

140000 x .016 2240 B.T.U. The actual drop in air The losses in drives of this type are high since 
2240 33.5° F., the overall efficiency of three machines, the induc- 


temperature would then be 75000 











[coq 


| . 4 ’ 
— ——— 
Solin Maeae “i rode} 
Man fmiTee 











" 
a 
: 































































































— MOTNR GENERATOR $07 —- 
=< ao ad c-- 
7------- {--- fr bee tr -- 
me ve me 
A i | 
| | 
| 
T T ” | 
re H . ’ 1  . 
- 8 ee ee or 
xX i *% K’ % 
‘= “I. cm 5 8 
— I ‘woe i Sas Soren Yr, 
4 Mtwee ‘ wiwlly 
L_ aan a Arey <5 
} | oon i awe -¥-#- 
. ' Poagyay, 













































































--- 


ail a “wes Fl /, 
wwe “ited Cae IY Co 
r ‘| 





=a 
FIG. 4. 


A. |. & S. E. E. CONVENTION AND IRON AND STEEL EXPOSITION OCTOBER 17, 18 AND 19 AT PITTSBURGH, PA. 





catinenemrirteterteereieeeen eaten 








- 





I nin ata lat inant hta: st 


en ah nhl 





JUNE, 1933. 


tion motor, the generators and the roll motors, must 
be taken into account. An efficiency of 80% over- 
all is a reasonable figure. With a maximum hourly 
demand of 6000 KW on this mill, the losses would 
be 1200 KW or 68000 B.T.U. per minute, which 1s 
within the rating of the cooling equipment. In cool 
weather satisfactory temperatures can be maintained 
with only one fan running, circulating 70000 CFM of 
air. 

Similarly at the 52” Structural Mill Motor Room 
of the Illinois Beam Mill, which houses the electri 
cal equipment for the roughing and intermediate 
mills, totalling 55000 K\V capacity, there are three 
fans duplicate of those just described, giving a re- 
circulating capacity of 210000 CFM of air and re- 
quiring 3-75 HP motors. The make-up fan is of 
30000 CFM capacity. Five coolers totalling 250000 
CFM capacity are provided using 1870 GPM of 
cooling water. 

This system has given the desired results, name 
ly an air conditioning equipment requiring little 
maintenance, and one which is very effective in 
keeping mill dirt out of the motor room. 

A similar system was installed at the 44” Slab 
Mill. Here the roll motors consist of 38-700 volt 
reversing DC motors totalling 12,500 HP. The com 
bined capacity of all equipment in this motor room 
is 25,500 KW. Fans totalling 170,000 CFM, driven 
by 2-150 HP 715 RPM motors circulate the cooling 
air and the make-up fan of 50000 CFM capacity is 
driven by a 30 HP 715 RPM motor. A cooler, con- 
sisting of 3 units totalling 171,000 CFM and requir- 
ing 1350 (GPM of water is used to cool the air. The 
fans are located in the basement insuring that all 
air is drawn down through the pits of the motor 
generator set. This arrangement is more effective 
in confining the heat due to losses in the motor 
generator set to the basement, than the system at 
the Beam Mill. This feature is important in lower- 
ing motor room temperatures, since the air delivered 
to the motor room contains only the heat due to 
losses in the roll motors. 

The 96” Plate Mill consists of 3- roughing stands 
driven by a 4000 HP—375 RPM—6600 volt wound 
rotor induction motor, and six finishing stands driven 
by six 3500 HP 600 volt DC motors, 165-330 RPM 
Power for the finishing stand motors is supplied by 
2-6000 KW synchronous motor generator sets. Three 
1000 KW motor generator sets furnish 250 volt pow- 
er for mill auxiliaries. The total KW of electrical 
equipment in this motor room, including auxiliary 
transformers, exciters, fan motors, pump motors, etc. 
is 35,500 KW. 

Here again a recirculating air system was in- 
stalled with a fan capacity of 240,000 CFM at 5” 
pressure and a make-up fan of 50,000 CFM at 3.75’ 
pressure. Coolers were provided and the system is 
similar to that just described for the 44” Slab Mill. 

The 10” Alloy Bar Mill, also installed in 1931, 
has nine motors totalling 7600 HP. They are 600 
volt adjustable speed and employ rheostatic starting 
equipment. Power is supplied by 3 synchronous 
motor generator sets totalling 5250 KW _ capacity. 
The total capacity of electrical equipment in this 
motor room is 12,500 KW. This motor room is of 
low roofed construction. A recirculating system of 
air conditioning was installed to prevent excessive 
temperatures. The system is similar to those already 
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described with the following exceptions. Each unit 
of the motor-generator sets is shrouded in such a 
manner that all windage from the machine is de 
livered to the basement, and with it practically all 
heat due to losses in the machine. The previously 
described systems drew air through the motor-gener 
ator pits and carried a part of such losses to the 
basement. However the windage of the machines 
throw out into the room a considerable part of the 
heat losses of the motor generator sets 

Two tans of 50,000 CFM capacity at 4.5” static 
pressure are employed to recirculate air and are 
driven by 60 HP 750 RPM motors. The coolers 
have an equivalent capacity and require 800 GPM 
Or water. 

The accompanying diagrams show the principal 
features of the various types of air conditioning 
equipment in use at South Works. Fig. 1 shows 
the wet non-recirculating type of equipment in use 
at the 35” Blooming Mill. Fig. 2 shows the dry 
non-recirculating type apparatus at the No. 1-40” 
Blooming Mill. Fig. 3 shows the dry recirculating 
installation at the 54” Blooming Mill of the Illinois 
Beam Mill. Fig. 4 illustrates the second stage in 
the development of recirculating equipment as in 
stalled at the 44” Slab Mill. 


Sheet Sorting 


Machine 


Electrical Supt., Wheeling Stee! Corp., 
Steubenville, Ohio, 
and 


F. S. MILLER 
Supt., Scale Dept., Wheeling Steel Corp., 
Steubenville, Ohio. 


In the manufacture of sheets and tin plate the 
difficulty of rolling uniform gauges is common 
knowledge. As all sheets and tin plate are sold on 
base weights it is necessary to weigh the individual 
sheets either by the slow method of weighing each 
sheet on a scale by hand or by employing women 
to estimate the weight by picking up each sheet. 
The first method is too slow and costly and the sec 
ond, while faster, is not as accurate as desired by 
the manufacturer. In order to obtain both speed 
and accuracy we have developed, manufactured and 
patented an automatic Sheet Sorting Machine for 
sorting tin plate sheets varying from 14” wide by 
20” long to 30” wide by 40” long, in gauges ranging 
from 24 to 38. 

This machine is capable of sorting sheets into 
three weights—light, medium and heavy, the medi 
um sheet being the required base weight one, at an 
average rate of 1500 per hour for sheets 30” x 40” 
(or 12 base boxes) to 1800 per hour for sheets 14” 
x 20” (or 16 base boxes). The machine has been in 
continuous production day and night since December 
1931 with the exception of holidays and has sorted 
13,880,000 sheets up to March 1, 1933 at an average 
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cost of replacement of parts per month of slightly 
less than two dollars ($2.00). 

Following is a description of the design and op- 
eration of the machine: 


DESIGN 


The machine consists of three essential features 
the feeding, weighing and discharging mechanisms: 


FEEDING MECHANISM 


The feeder in the single machine is composed of 
a feed roller “B” that is raised and lowered by a 
variable speed motor “P” and feeds the sheets at 
the correct speed, depending upon the size sheets 
being weighed, upon a constant speed belt conveyor 
“C” which, in turn, delivers the sheets on to the 
scale table “D” of the weighing mechanism to be 
weighed. 
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The feeder in the duplex machine consists of a 
Dexter Feeder A’ with a lifting and lowering con- 
veyor, driven by a variable speed motor “P”, which 
feeds the sheets at the correct speed upon an upper 
and lower constant speed belt conveyors “C” and 
“C’” which, in turn, deliver the sheets on the upper 
and lower scale tables “D’” and “D’” of the weigh- 
ing mechanism to be weighed. 


WEIGHING MECHANISM 


The weighing mechanism consists of a standard 
scales with an inverted pointer upon which is mount- 
ed in the place where articles are usually weighed, 
a scale table the belts of which are driven by a con- 
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stant speed motor attached to the scale table. The 
scales are mounted upon a stationary base. 

The movable make and break contacts “EK”, “F” 
and “G” mounted on the scale levers “I” of the 
scales, make contact with the three stationary con- 
tacts mounted on the stationary base and close the 
electric circuit to one of the three magnets, depend- 
ing upon whether the sheet is a light, medium or 
heavy one. The three stationary electric contacts 
which require very close adjustment in order to get 
accurate weights are raised and lowered by means 
of a small gear reducing unit, hand operated, located 
on the stationary base. 

The scales are equipped with an inverted pointer 
which, by means of a magnifying glass and mirror, 
shows to the operator the exact weight of the sheet 
and thus permits him to check the performance of 
the machine. 


DISCHARGE MECHANISM 


The discharge mechanism consists of three steel 
rollers K-1 rotating in a left hand direction, three 
steel rollers J-1 rotating in a forward direction and 
three steel rollers L-1 rotating in a right hand direc- 
tion, mounted one inch above the scale table belts 
and driven by one constant speed motor “G”, Mount- 
ed directly above each set of three steel rollers are 
magnets “K”, “J” and “L” whose circuit is actuated 
by the electric contacts “E”, “F” and “G” on the 
scale levers and a photo-electric relay “H”. 

Ball bearings are used throughout the machine. 

Ali the machinery is carried on one rigid struc- 
tural steel framework, thus making it portable. Each 
one of the three motors “P”, “QO” and “R” have 
their own separate switch and starter and a separate 
switch feeds the three magnets. 

An indicating lamp is mounted on top of the dis- 
charge mechanism which lights each time a magnet 
is energized. 


OPERATION 


When a single machine is used the pile of sheets 
to be weighed is placed on the table marked “A” 
and fed by an operator one at a time between feed 
roll “B” and roll “B-1” of conveyor “C”, feeding it 
at the proper rate upon conveyor “C”. 

Conveyor “C” delivers the sheet upon the running 
scale table “D”. 
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The scales are set to a predetermined weight so 
that the correct weight sheet will bring the scale 
pointer to the zero mark. If the tolerance on the 
sheet is, say, two (2) ounces minus and plus the 
light and heavy contacts are adjusted to operate when 
the weight differs from that amount. When the 
sheet is delivered upon the running scale table “D” 
its weight begins to move the scale lever “1”. If 
the sheet is a light weight one, weighing less than 
the two (2) ounce tolerance, the scale lever “1” 
moves automatically only enough to cause the light 
weight contacts “E” to close the electric circuit to 
the middle or light weight magnet “J”. In series 
with this contact “E” is a photo-electric relay “H”’ 
which operates, when the sheet intercepts its light 
source “S”, completing the circuit to the magnet, 
causing it to magnetize the rotating rolls “J-1” Fig- 
ure No. 3 which lifts the sheet from the scale table 
“D” Figure No. 2 and discharges the sheet for- 
ward into a chute or piler “N” Figure No. 1 thus 
allowing the scale table “D” to return to its OFF 
position ready for the next sheet. 


When a magnet is energized the lamp “T” lights, 
showing the operator the magnet has functioned and, 
by looking in the mirror at the pointer, he can see 
if it has tunctioned correctly. 


If the next sheet is a medium one its weight 
moves the balancing lever “I” Figure No. 2 caus- 
ing it to first close the light weight contact “I” but, 
as the sheet has not intercepted the light source “S” 
of photo-electric relay “H”, the light magnet “J” 
not energized, the scale lever continuing to move 
next causes the medium contact “G” to close and, 
if it is closed when the sheet intercepts the light “S” 
of the photo-electric relay “H” causing it to close, 
the medium or left hand magnet “K” is energized, 
which magnetizes the three leit hand rotating rollers 
“K-1”", which lift the sheet from the running scale 
table “D” and discharges the sheet to the left into a 


is 


chute or piler “O”. 


If the next sheet is a heavy one weighing more 
than the tolerance required it will move the balanc- 
ing lever “I”, closing both the light contact “E” and 
medium contact “G” but, as the sheet has not inter 
cepted the light source “S” of the photo-electric re 
lay “IH”, the circuit is not completed and the light 
and medium magnets are not energized. The scale 
lever continuing to move, next causes the heavy 
contact “F” to close, and if it is closed when the 
sheet intercepts the light source “S” to the photo- 
electric relay “H”, causing it to close, it will com- 
plete the circuit to the heavy, or right hand magnet, 
“LL” causing it to magnetize the three right hand 
rotating rollers “L-1” which lifts the sheet from the 
scale table “D” and discharges the sheet to the right 
onto a chute or piler “M”. 

The contacts “E”, “F” and “G” are interlocked 
so that when any one is closed the circuit is opened 
on the other two, thus preventing more than one 
magnet being energized at one time. 


We are now preparing to build a duplex machine 
that will have a capacity of 3400 sheets per hour, 
operated by one operator. 
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Rod Mill 


Control 
Problems 


By G. O. VAN ARTSDALEN 
Electrical Supt., Henry Disston & Sons, Inc., 
Philadelphia, Pa. 


Presented before the Philadelphia District Sec- 
tion of the A. |. & S. E. E., April, 1933. 


This paper deals with the conversion of a 9” rod 
mill main roll drive from manual to automatic con 
trol. The mill in question was a single speed mill 
with three high stands for rolling small shape bars 
and wire. It was driven by a 500 HP., 495 RPM, 2 
phase, 2400 volt slip ring motor connected to the mill 
by a 44”, 3 ply belt, 105 ft. long. The starting con 
trol was manually operated and consisted of a 3 pole, 
2400 volt oil circuit breaker for energizing the stator 
circuit, with acceleration taken care of by means of a 
13 point radial controller connected to secondary 
grid resistors. 

This drive has some history connected with it as 
at the time it was installed, twenty years ago, it was 
the largest on the Philadelphia Electric system, in 
the northern part of the city. A signal system was 
installed between the old Lardner’s point generating 
station and our plant, whereby the mill operator, be 
fore starting the motor, first notified the Lardner’s 
point operator, who stood by his controls and ex 
pected immense disturbances. Our mill operator 
would then close his oil circuit breaker and com 
mence cutting out resistance in the rotor circuit. 
This he did so slowly that by the time he had reach 
ed the last point at least five minutes had elapsed. 
This time was fixed by the Philadelphia Electric Co., 
and the belt manufacturers, both of whom anticipated 
trouble with quicker acceleration. You can easily 
see that the time wasted by this method was consid 
erable when the mill made as many as eight or ten 
stops in a day’s run, depending on the kind of work 


being rolled. 

The successful operation of automatic control in 
another of our mills, eliminating the motor operator 
and giving more constant motor performance, brought 
into consideration the changing of the control on this 
mill from manual to automatic. 

Present practice on large motors indicated that 
we should be able to accelerate to full speed in 45 
seconds to 1 minute, and in five steps instead of thir 
teen which were used. However, the quicker acceler 
ation, especially witn the mill screwed down tight, 
placed extra stress on the belt. Tests of this quick 
er acceleration were made, using the manual control 
and nothing serious happened, except the opening of 
the oil circuit breaker at the Power House. As the 
motor was on a separate circuit by itself, this was 
set at a higher value and no delay was caused to 
others. 

From these tests, it was decided to replace, the 
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old controller with magnetic contactors actuated by 
definite time relays and regroup the secondary resis- 
tor sections of the former installation. The main 
problem was the regrouping of the secondary resistor 
sections to give smooth acceleration. Starting the 
mill is always like starting so many brake drums 
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with brakes applied, for the rolls are never loosened 
except to change them. Another problem was when 
the mill was rolling small sizes of wire, this kind of 
work necessitated the rolls being clamped in the 
mill housing unusually tight to maintain size. This 
condition required unusually high torque to start the 
motor and a maximum torque button was installed 
to take care of this condition, where by using this 
the motor started with the first step of resistance 
cut out. All the data available was collected and a 
grouping decided upon. 

Installation was started when the mill was operat- 
ing four days a week so that we did the work piece- 
meal, working Saturday and Mondays only. The 
first section installed was the panel containing the 
high voltage contactor. The old oil circuit breaker 
was removed and the contactor put in its place with 
a push button station mounted temporarily. The 
next step was the removal of the radial controller 
and installation of the accelerating contactors. This 
meant considerable heavy work for the rotor circuit 
was wired by heavy cable to take care of 600 amps. 
Our work was lightened somewhat by the fact that 
we removed a 13 point controller and installed only 
a 5 point. 

A trial of the first hook-up did not work out so 
good. Our first assumption was that the motor 
would stand, at least, 250 percent of normal full load 
current for starting. It probably would stand con- 
siderably more but as the source of power was our 
own generating plant which a suddenly applied load 
of 250 amps may upset, we tried to keep below that 
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for the initial inrush. Our first grouping gave ex- 
tremely high peaks on the 3rd, 4th and Sth points. 
The reason for the high peaks on the 3rd, 4th and 
5th was found to be too much resistance between 
points 1 and 2, causing a drag and sluggish accelera- 
tion so that when point 3 was reached, the motor 
speed was still too slow. By cutting and trying, we 
finally reduced the resistance between points 1 and 
2 so that the rate of acceleration was increased and 
while the current was higher than the first point of 
the other arrangement, it was never higher than 60% 
of full load current and the current on points 3, 4 
and 5 was reduced to approximately the same amount. 
This arrangement was decided on as the best. High- 
er inrush of current on the first point also gave suf- 
ficient torque so that the necessity of a maximum 
torque button was eliminated. 

This comparison of single line diagrams, showing 
equipment in use with the old system and that of 
the new, shows the elimination of considerable meter- 
ing and protective equipment by the installation of 
current and potential transformers of larger capacity. 

Another feature of this installation was the addi- 
tion of bearing temperature relays. Not a new de- 
vice by any means and the opinion of some was that 
money spent for them in this case was wasted as the 
motor had been operating without them for 20 years 
and had never had trouble due to an overheated 
bearing which was true. This drive had been operat- 
ing automatically for 2 years and 3 months and two 
months ago the mill shut down from an overheated 
bearing which was saved from burning out entirely 
by the timely operation of a bearing temperature 
relay. The cost of replacing this bearing would have 
been far greater than the purchase price of all three 
relays. 

The cost of the new equipment, together with its 
installation by our own force was small, and due to 
the fact that the old method required an operator 
in attendance all of the time, the outlay for both 
equipment and installation was returned in 18 months 
by the elimination of the operator. Now the mill 
foreman stops, starts jogs, etc., with very little trou- 
ble so the improvement and saving in the cost of 
mill operation are well justified by the installation. 
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Diesel Electric 
Locomotives 


By A. H. CANDEE 
Railway Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 


Presented before the Birmingham District Sec- 
tion of the A. |. & S. E. E., January, 1933. 


Three years ago, on March 29, 1930, | had the 
pleasure of presenting a paper before this section on 
the subject of “Locomotives With Internal Combus- 
tion Engines for Steel Mill Transportation.” Tonighi 
I will confine my remarks to the Diesel electric type 
ot locomotive because this subject has broadened 
until it warrants undivided consideration in itself. 

Internal combustion engines were applied to rail 
vehicles as early as 1890 in the United States, but it 
was not until 1925 that Diesel engines were applied 
to rail cars and locomotives in the United States and 
Canada. Thus, the Diesel locomotive was but 54 
years old in 1930 and although still young in years, 
much valuable experience has been gathered which 
definitely shows the economies and reliability of this 
form of motive power. The past three years have 
been a period of operation somewhat free of devel 
opment changes, by which the true worth ot the 
Diesel engine as a source of motive power in rail 
vehicles may be gauged. While development work 
during this period has not ceased, nevertheless it has 
been retarded by general business conditions, the 
basic development work having been carried through 
prior to 1930. 


It is probable that most of you are familiar with the 


design of Diesel iocomotives. However, | hope you 
will forbear a necessarily brief description of the de- 
tails of construction and functions of the various 
parts of such locomotives, so that you may all be 
up-to-date on the modern type of unit. 

Any locomotive, in its essentials, consists of a 
set of mechanical parts on wheels arranged to move 
burden bearing cars along tracks, and equipped with 
apparatus for applying power to the wheels for pro- 
pulsion purposes. In the case of the Diesel electric 
locomotive, the power is generated by a Diesel en 
gine and is transmitted to the wheels by electrica! 
means. These three components then—a_ set of 
mechanical parts, a Diesel engine, and an electrica! 
transmission system—comprise the basic items around 
which such a locomotive is built. 

Little need be said in regard to the mechanical 
parts design, as this art has been developed by vears 
of steam and electric locomotive construction and 
operation. Some of the factors which must be con 
sidered in laying down the type of running gear to 
be suitable for a specific service are track gauge, loco- 
motive weight, permissible wheel loads, number of 
axles to be driven, track curves, speeds, type of serv- 
ice, clearances, and amount and weight of powe1 
equipment to be installed. The simplest form ot 
construction is obtained by mounting the axles in a 
rigid frame integral with the locomotive superstruc 
ture, but such a unit is adaptable only for relatively 
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light locomotives and for heavier locomotives where 
the curves are easy. On account of tracking char 
acteristics, speeds must be kept low. 
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70-Ton, 300 HP. Westinghouse Oil Electric Locomotive for 
Industrial Switching Service. 


The two axle swivel truck type of running gear 
seems to be the most adaptable for general switch 
ing and transfer service and is built for locomotive 
weights up to 130 tons and for speeds up to 50 miles 
per hour, which is high enough for practically every 
purpose except for main line freight and passenger 
service. The rigid wheel base of the swivel truck 
may be kept short, so that sharp curves may be 
negotiated and, because of the four axles, the wheel 
loads may be kept well within the limits set by the 
railroads to permit operation over nearly any kind 
of track. , 

For main line work where high speeds are neces 
sary it is customary to provide guiding axles fo 
either rigid frame or truck type locomotives to im 
prove tracking characteristics, but as there are few 
of these locomotives under consideration at this 
time, the genera! description of Diesel locomotives 
will be confined to the swivel truck type, which is 
generally adaptable to steel plant rail transportation 

The Diesel engine is the main item for considera 
tion at the present time, as it is the only part of the 
locomotive which has had to build a record of satis 
factory performance before general acceptance by 
transportation men. This type of engine, originally 
developed late in the Nineteenth Century, had built 
up a creditable record in marine and stationary work 
but designs suitable for rail transportation were not 
available until 1924. In this year a British aircraft 
Diesel engine was modified and strengthened and 
placed in rail service in Canada in 1925. At the 
same time an engine manufacturer in the United 
States built an engine suitable for locomotive work 
and put three in operation in 1925. These two types 
of engines are the only ones which have had wide 
application in this country up to the present time. 
\ new engine has recently been put in locomotive 
service but its suitability for rail propulsion has yet 
to be proved. 

The two types of engines which have had wide 
application for rail propulsion differ radically in one 
fundamental point—that of speed of operation. The 
type developed from the aircraft engine was built for 
800 R.P.M. and later improvements in this design 
have allowed an increase in speed to 900 R.P.M. 
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with very satisfactory results. The other engine was 
first built and operated at 600 R. P. M. but later 
dropped to 550 R.P.M. because of dangerous critical 
vibrations at the higher speed. 

The aircraft engine was built by the William 
Beardmore Company of Glasgow, Scotland, and the 
rights to build this engine in the United States were 
acquired by our Company. I will attempt to describe 
our modification of this engine as representing the 
most modern design of Diesel for rail purposes. 

The engine operates on the conventional 4 stroke 
cycle principle, drawing only air into the cylinder 
on the suction stroke, compressing it to approximate- 
ly 420 pounds per square inch on the next stroke, 
near the end of which stroke fuel is injected into the 
cylinder under high pressure through a nozzle ar- 
ranged to atomize the fuel. Injecting the vaporized 
fuel into the extremely hot air which results from 
its compression causes combustion of the fuel, after 
which the expansion and exhaust strokes are similar 
to those of the 4-cycle gasoline engine. There is 
nothing mysterious or complicated about a Diesel 
engine of this design. ‘The general construction of 
parts is exactly parallel to that of similar parts of 
millions of gasoline engines in operation throughout 
the world. ‘The only difference lies in the method 
of introducing and igniting the fuel. 

The back-bone of this engine is the crank case, 
which is an integral steel casting of high strength 
and light weight. It supports all of the component 
parts of the engine—the crank shaft, cylinder liners, 
cylinder heads, fuel pumps, water pump, cam shait, 
and gearing for auxiliary devices. A diaphragm 
across the lower portion of this casting divides the 
cooling water space from the lubricating oil spray 
at the crank shaft. The cylinder liners are inserted 
from top to bottom through the water jacket, so that 
they are surrounded by cooling water, and are 
clamped down on gaskets at the upper end by the 
individual cylinder heads which are bolted to the 
crank case. Rubber cylinder sealing rings are pro- 
vided at the points where the liners pass through 
the diaphragm and effectually prevent leaks from 
the water jacket to the lubricating oil sump. These 
cylinder liners are of a special grade of cast iron 
and are easily removable after the cylinder heads 
have been taken off, thus allowing a reconditioning 
of cylinders at a minimum expense. 

Separate cylinder heads are provided—one for 
each cylinder. They are cast of aluminum and are 
very light so that one man may remove a head with- 
out difficulty. Two inlet and two exhaust valves 
are provided in each head, these valves closing 
against steel seats cast into the head. Ample pro- 
vision for cleaning and inspecting water passages 1s 
arranged. 

The crank shaft is a large sized chrome nickel 
steel forging machined all over and counter-balanced. 
It is drilled for pressure lubrication from main bear- 
ings to crank pins. Main bearings are provided at 
the ends of the engine and between adjacent cylin- 
ders. The cam shaft is made from special heat- 
treated steel, the cams being forged integral with the 
shaft which is then machined all over. This shaft 
is located in a cored out chamber in the upper part 
of the crank case to permit of short valve push rods. 

Pistons are of a special aluminum alloy. ‘The 
piston pin is of highly polished steel bored out so 
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as to reduce weight, and is full floating. This piston 
pin is lubricated by pressure oil from the crank pin 
bearing through a pipe clamped rigidly to the con- 
necting rod. The connecting rods are steel forgings 
heat-treated and of light weight and ample strength. 
The main connecting rod bearing is a removable 
bronze shell lined with babbitt, while the piston pin 
bearing is a bronze bushing. 

Six individual fuel pumps are provided, one for 
each cylinder. These are assembled in a fuel pump 
housing and are bolted to the side of the engine. 
Fuel is pumped by these individual pumps to nozzles 
located in the center of each cylinder head. These 
pumps raise the pressure for injection to several 
thousand pounds to insure that the oil is thoroughly 
atomized as it enters the cylinders through the in- 
jection nozzles. A very unique method of metering 
the amount of oil is embodied in each of these 
pumps, the quantity of fuel being determined by a 
variable surface on the fuel pump plunger. As the 
plunger moves up, the upper horizontal edge of this 
surtace covers the fuel inlet opening and pressure 
immediately builds up for injection. However, as 
the plunger moves farther up, the lower edge of this 
surface, which is cutaway helically, again uncovers 
the fuel inlet port, thus acting as a bypass and 
relieving the pressure. By turning the plunger, one 
way or the other the length of time that the inlet 
port is covered may be varied to suit the exact 
amount of fuel desired, and the injection is extremely 
sharp. The injection nozzle is so arranged that it 
does not open to admit fuel to the cylinder until the 
injection pressure has reached 1800 pounds. When 
it is realized that the amount of oil which must be 
injected at one time is about that quantity which 
will lie on the surface of a cent and that the time 
allowed for metering this amount of fuel is approxi- 
mately one thousandth of a second, it may be real- 
ized that this has been one of the problems of the 
past. The present fuel injection system, which we 
are using, has had remarkable success from this stand- 
point. The fuel pump design and the atomizer nozzle 
design are such that the parts may be easily dis- 
assembled for cleaning. Cylinder, plungers, needles, 
valve seats, and other such parts may be renewed 
individually and this results in reduced maintenance 
costs. 

A gear train for driving auxiliaries is arranged 
in a housing which is bolted to the front end of the 
engine. This gear train is driven from the crank 
shaft and provides for the operation of fuel pump, 
water pump, cam shaft, lubricating oil pumps, and 
the governor mechanism. 

The governor is unique in that it consists of a 
gear type of pump forcing oil into a chamber having 
a variable orifice. With this arrangement at any 
orifice opening, the pressure within the chamber is 
a function of the speed of the gear pump and con- 
sequently is a function of the engine speed. This 
hydraulic pressure is arranged to operate a piston for 
increasing or decreasing the amount of fuel injected 
into the cylinders by the fuel pumps. By changing 
the size of the orifice by means of a needle valve 
arrangement the engine speed at which a given 
pressure is developed may be varied over a wide 
range. This type of governor is, therefore, a truly 
variable speed governor and is extremely sensitive. 
No other engine as yet developed for rail propulsion 
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has this essential feature. It must be realized that 
the Diesel engine differs from a gasoline engine in 
that while neither is capable of sustaining overloads 
without an increase in the amount of fuel fed to the 
engine, this increase is somewhat automatic for the 
gasoline engine. This means that on account ol 
varying auxiliary load demands at engine idling 
speed, careful governing oi the Diesel is essential. 
\ gasoline engine, while idling, will take a load and 
the slight speed reduction caused thereby results in 
an increase in torque to carry this extra load. 

One feature which is embodied in our engines 
and which is not found in any other engine for rail 
propulsion purposes is the vibration damper. Every 
engine in operation has certain critical speed points, 
at which considerable damage may result from har- 
monic vibrations. The application of a damper to an 
engine minimizes the effect of critical vibrations at 
these critical speed points and thus allows safe opera- 
tion over a wide range of speeds. ‘This is one of the 
features which permits the operation of our engines 
at much higher speeds than other engines have been 
able to operate. 

Forced lubrication is provided for all moving 
parts. Oil from the oil reservoir is pumped under 
pressure to each main bearing of the crank shaft 
from which the oil is carried to the connecting rod 
bearings, to the piston pins and is also sprayed to 
the cylinder walls. Forced lubrication of the cam 
shaft, valve rocker arms, gear train, fuel pump parts, 
and all other moving parts is obtained from this 
same pressure lubricating oil system. A safety trip 
is provided on the front end of the engine so that 
should this pressure fall below 10 pounds per square 
inch, the engine fuel will be tripped and the engine 
stopped. 

The engine operates on the dry sump principle, 
that is, the lubricating oil which drops from the 
crank shaft bearings and cylinders is not permitted 
to remain in the engine sump. A lubricating oil 
scavenge pump forces this drainage through filters 
and the oil cooling radiators back to the oil storage 
reservoir which is located in a separate compartment 
of the bedpiate. 

One of the essential details of a Diesel locomo- 
tive is the method of transmitting power from the 
prime mover to the axles of the locomotive. Various 
types of drive have been tried, including mechanical 
transmission, hydraulic transmission, steam trans- 
mission and electric transmission, but so far the only 
one which has proven successful, except in the very 
small sizes, is the electric transmission. This con 
sists of a generator driven directly by the engine and 
generating electrical energy for the operation of elec 
tric motors geared to the locomotive axles. The 
generator is of the variable voltage type and the 
motors are invariably of the series type. The method 
of control of the voltage characteristics of the gen 
erator to secure the maximum effectiveness in power 
application has differed on locomotives of different 
manufacture, but in each case the aim is to transmit 
as much of the full engine horsepower to the trac- 
tion motor as may be possible. To accomplish this 
it is necessary to reduce the electrical losses in both 
the motors and the generator to the extreme and to 
make sure that the voltage is kept as high as 1s 
possible dependent upon the current demand of the 
traction motors. 
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The generator is of the direct current type, and 
since it is independent of any fixed voltage system 
the designer usually selects that voltage which re 
sults in maximum economy of materials and gives 
the lowest losses. In general, a satisfactory maxi 
mum voltage varies from 600 to 750. ‘Traction mo 
tors may either be built for operation on this voltage 
or may be connected two in series and designed for 
half voltage. 

The size of motors used for any locomotive de 
pends upon its weight (which determines the maxi 
mum tractive effort required) and the type of service. 
This motor size is nearly independent of the size of 


power plant installed. ‘The generator is then applied 
to suit the engine speed and the voltage and ampere 
characteristics of the motors. It has been found 


that the lowest electrical losses result with the mo 
tors connected in series relation for high tractive 
eflorts and in parallel for high speed serv.ce. 

With electrical transmission there is a convenient 
source of power available for the operation of such 
auxiliary locomotive apparatus as water cooling fans, 
air brake compressors, control, eiectrically-driven 
pumps, and storage-battery charging. While these 
auxiliary functions may be considered parasitical, 
they are essential nevertheless. It is these details 
which have required a great deal of engineering 
thought in order to insure their correct functioning 
under all conditions of main generator voltage. It 
has been found expedient to bolt a small generator 
onto the main generator shaft for the purpose of 
caring for some of this auxiliary load, especially main 
generator field excitation, this machine being called 
an auxiliary generator. 

The main generator is coupled to the engine di 
rectly without any flexibility whatsoever between 
the crank shaft and the main generator shaft. For 
this reason the main generator is built with a single 
anti-friction bearing at the end opposite the coupling 
and the crank shaft supports a portion ot the weight 
of the generator armature. The generator frame is 
mounted on a bedplate which is common to the 
engine, thus tying the engine and the generator 
frame together rigidly. This bedplate forms the 
sump under the engine crank shaft for the draining 
of oil and also embodies the lubricating oil storage 
tank, as referred to previously. 

The engine generator set is mounted directly on 
the floor of the locomotive in such a location as to 
secure the proper weight distribution on the locomo 
tive wheels. Around this power-plant are grouped 
the water cooling radiators, the oil cooling radiators, 
the cooling fans, the fuel tanks, water tanks, storage 
battery, control details, and other equipment of this 
nature. In making a layout, it is essential that ali 
parts be fully accessible and that the weight be dis 
tributed in order to limit the mechanical structure 
necessary to support this equipment. 

One of the essential points is to locate the oper 
ator’s compartment in such a manner that he will 
have the best visibility and will not be annoyed by 
the heat and noise of the engine. 

There are three general types of locomotives. The 
original types were of the box cab construction, 
which term is descriptive of the shape of the loco 
motive cab. Some of the small locomotives have 
been constructed with close fitting hoods around the 
power plant to improve the engineer’s visibility along 
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the sides of the locomotive, but this results in de- 
creasing the accessibility to the engine and other 
apparatus and thus tends to increase maintenance 
expense. Our locomotives except in extremely large 
size are nearly all constructed with an engine room 
compartment which is of smaller cross section than 
the operator’s compartment and yet provides ample 
space within the hood around the power plant and 
equipment for maintenance work. This combines 
accessibility with visibility. In addition, we have 
developed a dual control system for the operator’s 
compartment, which permits full control of the loco- 
motive movements from either side of the cab at will 
and allows the operator to sit on the side where he 
secures the best view of the ground crews and yard. 
This has been found to be very advantageous and 
makes it most desirable for single man operation. 

Having reviewed the construction of a Diesel 
locomotive briefly, let us consider for a moment the 
relative serviceability of a Diesel locomotive as com- 
pared to steam motive power. ‘The former has a 
much higher starting tractive effort than a steam 
locomotive of the same weight on drivers, due pri- 
marily to the fact that the side rod drive of the latter 
creates both high and low tractive effort points for 
each revolution of the wheels. This varies from a 
minimum value to a maximum at least 40 per cent 
higher than the minimum. With a maximum trac- 
tive effort limited by wheel slippage, it follows that 
the average must be low for steam, whereas with 
the continuous application of torque by electric mo- 
tors the value may be sustained just below the slip- 
ping point of the wheels.. Thus it will be found 
that the steam locomotive seldom rates more trac- 
tive effort than 23% of the weight on drivers while 
the Diesel unit will develop up to 30% of its weight. 
This higher tractive effort for a given locomotive 
weight plays a very important role in the work which 
may be done by Diesel motive power 

Recently it became desirable to demonstrate the 
reason why a Diesel locomotive of low engine horse- 
power could do as much work in switching service 
as a steam locomotive having a rated horespower 
214 times as great as the Diesel. For this purpose 
a number of curves were drawn. The first was a 
comparison of horsepowers and tractive efforts of 
the two types. This showed that the steam loco- 
motive could develop more than 1500 horsepower at 
the rail while the Diesel delivered but 650. The 
maximum tractive effort of the steamer, however, 
was but 36,100 Ibs. while that of the Diesel was 
60,000 Ibs. Using these data to calculate distance- 
time and speed-time figures it was found that per- 
formance was equal for the following runs, but if 
shorter movements were to be made the Diesel would 
be faster: 


250 trailing tons 810 ft. movement 


500 7 ? Ai Bw 33 
1000 * ni 1990 “ ie 
1500 se (i 2560 “ rai 


These lengths of movement are way beyond those 
normally encountered in any switching cycle, and 
where time is lost on the occasional long movement 
it is more than made up by the faster operation on 
the average short run which predominate. 

The effect of greater steam locomotive tractive 
effort may be noted by a similar comparison with a 
1450 horsepower steam locomotive having a tractive 
effort of 51,400 lbs. maximum. In this case the 
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Diesel outperforms the steam locomotive on runs 
shorter than the following: 

500 trailing tons 403 ft. movement 

1000“ Y 519 “ . 

1500 - i 625 “ 4 

We now come to the real reason for the use of 

Diesel locomotives—that of cost of operation. Such 
locomotives may have a better appearance, may be 
cleaner, and their characteristics may be an improve- 
ment over those of steam motive power, but unless 
they save money they will not be used. Fortunately 
operating statistics are now available which bear out 
the predictions of the designers that their operation 
is more economical than that of steam. 





Diesel Electric Locomotive Repair and Engine House Costs 
As Derived From 1931 and 1932 Railway Association 
Reports. 


Taken individually, various installations of Diesel 
locomotives have shown varying results—some sav- 
ing large sums for the users and others not so much. 
Data of this kind could be used for or against their 
application, depending upon the attitude of the pros- 
pective purchaser. In order to develop the true 
value of the Diesel locomotive as a motive power 
unit, the American Electric Railway Association and 
the American Railway Association have gathered 
actual operating data from all possible sources and 
their 1932 committee reports tabulate this informa- 
tion, which has been analyzed very carefully. 

The first step in making this analysis was to 
break down the operating costs into “per hour” fig- 
ures and the costs of oils into “per gallon” figures. 
The information obtained in this way showed wide 
variations for different roads. For instance, fuel oil 
cost per gallon varied from $.0286 to $.0701 and 
lubricating oil from $0.245 to $0,812. Engineer’s 
wages per hour varied from $0.61 to $1.088. Some 
companies reported “Enginehouse Expenses” while 
others did not, likewise some included “Other Ex- 
penses” while some did not. This gave such an in- 
complete picture of the results that it was necessary 
to go farther. 

The next step was to identify all of the roads 
operating the locomotives (the reports referred to 
company numbers only) and the manufacturer of 
each. With this done, the figures began to assume 
shape. Grouping the figures into those applying to 
railroads and those of industrial operators, with due 
regard to the locomotive weight, it was found that 
the variations in operating expenses for different 
groups was not so marked and that industrial users 
operated at lower costs than railroads. 
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One aim of this analysis was to determine the 
trend of repair and engine house costs with increas- 
ing locomotive age. <A study of the industrial and 
railroad figures, as groups, still showed considerable 
variation in this item which could not be satisfac- 
torily explained. It was found, though, that the 
earlier models of locomotives showed higher costs 
than recent models and in arranging the figures on 
the basis of vintage a close determination could be 
made. The curves prepared from this analysis show 
definitely lower costs for locomotives built within 
the last four years as compared to the earlier models 
which were constructed with little background upon 
which to capitalize. Further, late operating costs 
are now available for modern locomotives which 
indicate that still lower expenses may be expected 
as users become more familiar with Diesel engine 
operation and maintenance. 

The A. R. A. and the A. E. R. A. reports include 
steam locomotive operating statistics for comparison 
with Diesel locomotive figures. Without going into 
all of the details the general conclusions which have 
been drawn from the work of these National Asso- 
ciations are summarized: 

1. Diesel fuel costs per 100 ton hours is approxi- 
mately 25% of steam fuel cost with oil at 5 
cents per gallon and coal at $3.00 per ton. 

2. One gallon of fuel oil produces, in switching 
service, the equivalent of 140 Ibs. of coal. 


Composition 
Bearings 


+ 
By G. A. EBELHARE, 


Supt., Synthane Corp., Oaks, Pa. 


I will discuss Synthane Non-Metallic Rolling Mill 
Bearings—with particular reference to the use of 
Laminated Bakelite—The same general type of ma- 
terial has already been discussed under the names 
of Vatex and Micarta, which are Phenol-Formalde- 
hyde products, and I do not propose to repeat data 
on the material already competently presented. 


Neither do I propose to further establish the 
claims already made for the superiority of this type 
material over various metals. Debatable or not, we 
will let that question rest. 


In considering any type of bearing or bearing 
material we are interested in 
1. Its length of life and consequent effect on 
frequency of shut down for renewal. 


Oo 


Its effect on the product as regards to accur 
acy of rolling. 


9 


3. Its effect on power consumption. 


1. Its effect on lubricating costs. 
The composition of the material—its melting 


point—its hardness—its tensile strength—its com- 
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3. Diesel engine lubrication approximates 8.76 
cents per 100 ton hours of locomotive switch- 
ing service. 

t. “Other Lubrication” cost for Diesel locomotives 
is 35% of steam locomotive lubrication cost. 

5. The total cost of fuel, engine lubrication, loco- 
motive lubrication and “other expenses” for 
Diesel locomotives is 33% of that of the cor- 
responding steam locomotive costs. 

6. One-man operation is practicable and econom- 
ically correct. 

i. Kepair costs for industrial switching service are 
lower than are indicated for trunk line railroads. 
8. A “unit for unit” comparisor of steam and 

Diesel costs is not always correct, due to the 
fact that the number of Diesels employed for 
a given service may often be lower than that 
of steam units. 

9. Modern locomotives may be operated at con- 
siderably lower repair costs than the older types 
of locomotives which were in the course of 
development at the time they were built. 

\We who are closely associated with Diesel loco 
motive design and application have not had the least 
doubt as to the economic advantage of this type of 
motive power. We now feel that our predictions 
have been fully verified by the two National Asso- 
ciations which are most interested in obtaining true 
facts on all railway problems. 


pressive strength, etc., are only interesting in so far 
as they affect operation and life. The only good 
designs are designs that produce results and proper 
ly utilize the various characteristics of the material. 

Inasmuch as design and application mean every 
thing in effective operation, we shall go over some 
characteristics of non-metallic bearings which must 
always be considered in any layout. 

Laminated Bakelite is an organic material. It 
will carbonize and break down on continued expo- 
sure to temperatures over 300° Fahrenheit. 

Therefore, for satisfactory operation, the temper 
atures must be kept low. 

Second, laminated bakelite is a heat insulator and 
will not dissipate the heat generated in any fast 
moving bearing—whether or not it is lubricated 
properly. 

These two characteristics point immediately to 
artificial and direct water cooling—as being the first 
requisite of a good installation. 

Such direct water spray cooling on the journal 
not only keeps temperatures in safe ranges, but pro- 
vides a film between the roll neck and the bearing 
which seems to have a marked effect on power con 
sumption and bearing life. 

Therefore, knowing that to get the best results 
from laminated bakelite bearings, it is necessary 
to keep the temperature down and the bearing sup 
plied with direct water lubrication, the type which | 
am about to describe seems to be the best answer. 
Instead of making the bearing in one solid piece, it 
should be divided into several strips, for due to the 
fact that laminated bakelite is a heat insulator the 
bearing must be made in several sections and not in 
a solid segment. The number of strips in the bear- 
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ing depend entirely upon the size of the bearing it 
self, and may be two, three, four or more strips. 
These strips are placed around the neck in a semi 
circular fashion with a generous space between each 
strip. They are as long as the bearing and in one 
piece if the bearing is 8” or shorter. If the bearing 
is longer than 8” the strips may be built up satis- 
factorily from two or more pieces. The material is 
cut so that the laminations of the sheet are perpen- 
dicular to the roll neck itself. This puts the wear 
on what might be called the end grain and results 
in much longer life than if the laminations were run 
ning parallel with the roll neck. 























FIG. | 


Figure 1 shows a layout designed to take maxi- 
mum advantage of water cooling and what might be 
called “water lubrication”. The bearing material is 
set in the chuck in the form of strips which have 
been mentioned. The water ways, formed by the 
space between the strips, provide not only a way 
for water to get to the roll neck, but also a way for 
dirt and scale to get out. A good supply of water 
is the first requirement for long life. In this design, 
water is not only applied to the bearing on the 1n- 
coming side, but the chucks are also drilled or cored 
directly beneath the water way, to supplement the 
supply. These long holes have outlets spaced along 
its length so that, including the top sprays, water is 
applied directly to the roll neck throughout its en- 
tire diameter. By applying water generously in these 
many places, you can readily see that the bearing is 
kept exceedingly cool and that the roll neck is liter- 
ally riding on a film of water. As previously men- 
tioned, all scale and dirt is flushed from the bearing, 
keeping everything perfectly clean. 

So much for water. Now, regarding the design 
of the bearing itself, you will note that there has 
been some alterations made in a standard chuck. The 
brass has been removed and a series of dove-tail 
slots cut into the chuck, the size of these slots vary- 
ing with the size of the bearing and the number of 
strips required. Note also that just a small amount 
of material is required to hold the strips into the 
chuck generally 3” is sufficient. This results in 
very little waste, exceptionally long life and fewer 
shut-downs. 

Altering a chuck as we have shown here makes 
the best type of installation. For trial runs it 1s 
often possible to install a solid bakelite bearing to 
replace a standard brass, having slots cut into it for 
waterways. This type of installation is satisfactory 
for experimental purposes, but after the strip con- 
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struction has proven itself, it is better to alter the 
chuck as shown here on the layout. You can readily 
see that by removing the brass and setting the blocks 
deeper in the chuck it is possibie tor us to use much 
higher blocks, resulting in more wear and longer 
life to the bakelite strips. You will note from, Fig- 
ure 1, the direction in which laminations run in rela- 
tion to the roll neck itself. We have paid particular 
attention to this point as we believe it is of the ut- 
most importance as far as bearing life is concerned. 
The best installations have laminations perpendicular 
to the longitudinal axis of the roll. This puts all 
the wear directly on the end grain of the material, 
which we know is most resistant to wear. There are 
about fifty pieces of canvas per inch laminated to- 
gether under approximately 1800 lbs. per square inch 
hydraulic pressure or if paper base material is used 
about 100 Ib. per inch. 

The thrust is more of a problem. The area for 
distribution of pressure is usually small and the pres- 
sures very high. Here aga-n, end grain construction 
is found superior, and thrusts should be designed in 
this manner. When possible we make these thrusts 
nearly as large as the diameter of the roll, giving 
just as much wearing surface as possible. The thrust 
is fastened to the chuck in various ways. One 
method is shown on the chart. This shows pins, 
brass or bakelite, through the thrusts into the chuck. 

There are various other means of fastening the 
thrust, one being to pin or bolt the thrust directly 
to the bearing strip, and another being to machine 
out the chuck and insert part of the thrust into the 
face of the chuck. 


FIG. 2 








Another excellent method of designing the thrust 
for this type of strip construction is as shown on 
Figure 2. Here you will not that directly in line, 
and at right angles to the dove-tails which hold the 
bearing block, there are corresponding dove-tails in 
the face of the chuck. The thrust is then construct- 
ed identically the same as the bearing strips with the 
exception that instead of the concave surface where 
the roll neck rides, a flat surface takes the thrust. 
This is a particularly advantageous design because 
water plays just as important a part in the thrust 
bearing as it does on the radial bearing itself. By 
having the thrust constructed in this manner, we see 
again the advantage of the water way design which 
keeps a constant flush and flow of water down 
through the face of the thrust, keeping the thrust 
cool, washing away all the dirt and grit and creating 
a water cushion between the roll neck and the thrust 
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bearing. This thrust construction necessitates more 
machine work on the chuck, but is superior to other 
types and is well worth the time and money spent 
for changing equipment. These thrusts are very 
easy to renew by raising the roll, removing the worn 
thrust and inserting a new piece in its place. ‘This 
ease of renewal is important as it is generally true 
that this bearing block construction, due to its long 
life, will often wear out more than one set of thrust 
blocks. 

While on the thrust question, we must all remem- 
ber that no thrust ever made will resist very long 
attacks made with a six foot wrench on the adjust- 
ing screw. 

In conclusion and summing up what I| have al- 
ready said, remember that this type of bearing is 
most economical,—First, in initial cost per hour of 
wear-—Second, in savings made by fewer shutdowns 
for bearing replacements. Third, in saving of time 
for renewals when necessary, this can be done by 
raising the rolls. Fourth, savings made in lubrica 
tion and power costs. All these points result in more 
tons per dollar. 


The 

Steei Industry 
and 

Its Future 


By CHARLES M. SCHWAB, 
Chairman, Bethlehem Steel Corporation, 
New York, N. Y. 





Presented before the American Iron and 
Steel Institute May 25, 1933 


\e meet this morning to appraise our industry 
in its relation to the swift moving currents of eco 
nomic rehabilitation. 

I am happy to say that the outlook at our meet 
ing today is vastly improved over the situation which 
existed when we gathered here a year ago. Then we 
were on the down-grade. Today, with the pick-up ot 
the past few weeks, we are on the up-grade. 

Our industry has endured the worst year in its 
recent history, and relatively speaking its worst year 
in all time. The fact that most of our companies 
are still intact, despite huge losses, is a tribute to 
the sagacity and flexibility of you men who are on 
the firing line. It has taken brains and courage to 
carry on for months under conditions of a 15% 
operation. 


Steel Output Doubled 


I feel better about our situation today than I have 
for many months. The improvement which has come 
about in the past few weeks has given us all new 
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hope. Current operations of 30% to 35% are still far 
from what we would like to see; nevertheless, this 
is more than double the 15% rate which existed a 
few weeks ago and the important thing is that the 
trend is in the right direction. Before commenting 
briefly on some ot the things that our steel industry 
is doing in the forward march of events, | would 
like to point to one or two phases of the world situ 
ation which are reassuring. 

I have spoken several times in recent years of the 
effect of the world situation on our national pros 
perity. It is a thing that we easily forget, but it af 
tects us nevertheless. Our start toward recovery in 
1931 was checked by the financial break-down in 
Kurope. last spring we were greatly harassed by 
distress-selling of European products on these shores, 
and that factor is still disturbing. 


Aids to World Trade Promising 


It is gratifying to see that our administration in 
\VWashington is proceeding along lines which should 
prove helpful toward the international condition. The 
visits of Messrs. MacDonald, Herriot and others to 
this country are a helpful sign, especially as these 
preliminaries are to be iollowed by a World Econom 
ic Conference. 

On March 4th this nation was in a state of chaos. 
his was followed by a program of action more vig 
orous and more eftective than any other we have wit 
nessed in modern times. The President had the cour 
age to take steps in the d.rection of balancing the 
budget and to make certain other forceful moves 
which were necessary to rehabilitate our economic 


structure. That restored faith throughout our entire 
nation, and faith in turn has had its far-reaching 
influence on our financial situation. This has led to 


an improvement of the credit structure, which is the 
basis of increases in industrial and commercial activ 
ity. 


Believes President Will Use Powers Sanely 


| consider it a tribute to our democratic form ol! 
Government that it has been flexible enough to meet 
the situation in a critical hour, and | am tully conh 
dent that President Roosevelt will use his vast pow 
ers sanely and constructively, probably never em 
ploying them to the full, and relaxing them as rapid 
ly as the situation will permit. 


Business cannot shirk its responsibilities in this 
situation. As Chairman of this Institute I am glad 
to be able to say that we were never in a bette 
position to do our part. S:nce our last meeting we 
have had the good fortune to have The Honorable 
Robert P. Lamont, former Secretary of Commerce, 
assume the Presidency of our Institute, and he will 
speak to you shortly about the progress of our work 
which is now under way. The Institute’s organiza 
tion and program have been greatly strengthened 
furthermore, under our new set-up, there is an Ex 
ecutive Committee comprised of steel executives who 
are lending continuous close counsel in the conduct 
of its various activities. This should be most help 
ful in promoting and maintaining the stability of 
our industry. 
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Industry Must Regulate Self 


I ask the most earnest co-operation of our mem- 
bers in the work of our association, because trade 
institutions today are being looked to as the spokes- 
men of their respective industries. Industry must 
regulate itself wisely and for the public good, if it is 
to escape regulation from without. 

I have said many times that the individual suc- 
cess of our companies is in the end proportionate to 
our ability to co-operate for the general good. As 
never before in our business, this belief is about to 
be put to the test. 


Hails Roosevelt Partnership Plan 


President Roosevelt in his splendid address to the 
country on May 7th invited industry into partnership 
with the Government to solve its problems. ‘This 
open-minded pronouncement warrants the admiration 
of the entire country. I am happy indeed to express 
mine. The President offers to the business world 
the facilities and prestige of our Government in elim- 
inating unfair competitive practices with all of their 
ruinous effects upon prices, wages and _ profits. 
In my judgment it would be most unfortunate—in- 
deed it would be a calamity—for business and em- 
ployment in this country, if anything were done by 
legislative fiat to interfere with an orderly and sound 
restoration of employment. It is, therefore, encour- 
aging to note the President’s rejection of governmen- 
tal control and the substitution of the more effective 
proposal of a governmental partnership. We have 
had quite enough of restricted production, hours of 
work and wages during the past three years. What 
we need now is greater production, more hours of 
work and expanded income for our employees. 

Moreover, we need price stability. The President 
will have strong support for his plan to assist the 
nation’s business machine through the easing of laws 
that are unduly restrictive and through substitution 
of co-operation instead of ruinous trade practices and 
price cutting. Speaking for the steel industry, I say 
that we gladly accept this offer of partnership, be- 
cause with this kind of support and through our re- 
vitalized Institute we should speedily and effectively 
be able to see brought into line those selfish interests 
who persist in unfair practices that are contrary to 
sound public policy and ruinous to industry. 


Sound Profits Basis of Prosperity for All 


As I see it, we as an industry can make no great- 
er contribution to the country’s total economic well- 
being than to return our individual companies to a 
profit basis as quickly as possible. This will not only 
give us courage to proceed with needed rehabilitation 
and other deferred plans; but, more important still, 
it will arrest the downward trend of our employees’ 
purchasing power. 

This progress toward profit-making is already 
under way. Our steel production for the year 1932 
of less than 15,000,000 tons descended to levels which 
even the worst of pessimists would not have predicted 
two years ago. It is small wonder that the industry 
sustained a loss of approximately $161,000,000 under 
such circumstances. Now we are steadily emerging 


from that deep water. Our feet are on rock. In 
view of the short time in which we have had this 
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improvement, I feel it is too early to forecast ingot 
production for this year. But it is safe to say that 
it will be an improvement over last year and there 
is every indication that we shall look back on 1932 
as a record low. 


Would Scrap Obsolete Plants 


We have had three years of facing stern facts, 
and we can profit by continuing to be realistic. Let 
us see straight on our manufacturing set-up. If all 
the obsolete or semi-obsolete plant equipment were 
eliminated, that would go far toward strengthening 
our whole situation. I dare say, if it were possible 
to appraise fully the struggle to justify obsolete 
plants, we would find that much of the uneconomic 
disturbance in American manufacturing today is due 
to attempts to make “dead horses” pay. It takes 
courage to scrap a huge investment. We need not 
feel, however, that in so doing we are admitting a 
mistake in the past. We are in fact recognizing 
that conditions have changed and that we are recon- 
structing our set-up in line with modern demands. 

Our steel picture is very materially changing. In 
the year just prior to and immediately following the 
war, the steel industry was manufacturing primarily 
for capital goods,—plants, huge buildings, and heavy- 
production equipment. This will always be a sub- 
stantial back-log, but its dominance will be less 
marked. An increasingly important part of our bus- 
iness in the next few years will be in consumer’s 
goods The public for three years has been doing 
without thousands of items which enter into our 
normal standard of living. There is a three-year lag 
of automobile consumption to be made up. Progress 
in home-building has lagged for even a longer period. 
The use of steel in many directions has been arrest- 
ed in its momentum by the hard times. 


Consumers' Goods to Revive Steel 


This emphasis on consumers’ goods, with particu- 
lar demand for quality tonnages, bears out a predic- 
tion which I made two years ago that we may see the 
day when value comparisons may become more and 
more a measure of our business. It seems quite pos- 
sible that we may return to the profit-making days 
of prosperous years without equaling them in ton- 
nage because of the lighter, higher quality steels 
which are currently in demand. 


Predicts More Advertising 


[ shall leave the subject of marketing to the 
speakers in that field, but I must observe that the 
new emphasis on consumers’ goods must bring about 
changes in our methods of selling. There will be 
more intelligent and more extensive advertising, clos- 
er analysis of markets, and a more thoughtful study 
of extended uses for steel. 

I return now to the advances which the steel in- 
dustry has made in the field of human relationships. 
The old-fashioned policy of every man for himself 
and the devil take the hindmost was abandoned by 
the steel industry many years ago. Our industry 
throughout this depression has done its utmost to 
protect the financial status of its workers. I believe 
that the splendid loyalty of our employees, and the 
absence of labor troubles throughout these hard 
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times, has been due to a recognition by the employ- 
ees that management has been doing its utmost in 
a dire situation. 


Long Record of Employee Benefits 


We maintained the rate of wages as long as was 
feasible, maintained it until there were very consid- 
erable declines in the cost of living. Our industry 
was in the fore-front in the distribution of work, be- 
fore the formal organization of the Share-the-Work 
Movement, and we co-operated to the fullest extent 
with that movement when it was put into effect na- 
tionally. By the adoption of distributed work the 
steel industry has been able to carry on its rolls ap- 
proximately 200,000 more employees than would be 
needed if we had followed the policy of working 
those whom we retained on a full-time basis. ‘The 
average working time in the steel plants has been 
less than thirty hours per week per man, which indi- 
cates the extent to which we have adopted the work- 
sharing principle. 

The steel industry has done its part and I| believe 
that this will be fully recognized when the history 
of these times is written. I could read an honor roll 
of the companies in the steel industry who have done 
many things for the protection of their employees, 
and that roll would include virtually every name in 
our membership. I could cite a score of instances 
of company-wide relief plans, employee garden pro- 
jects, rent concessions, pensions, sickness benefits, all 
carried on voluntarily and in direct co-operation with 
representatives of our employees and aggregating 
many millions of dollars. 

I am well aware that the unemployment situation 
continues to be grave in this country, and that work- 
sharing is not the whole solution. Part-time incomes 
are not sufficient for meeting the high standard of 
living which we have achieved in this country, and 
which our people will not and should not forego. 


Workers’ Earnings Improving 


As revival has taken place and our production has 
increased, however, employees who have been work 
ing on meager part-time schedules for many months 
have gotten more employment and better income. 
This is healthy—the back-bone of this depression 
will have been broken when we can restore our work- 
ers to more nearly normal working time, and it is 
volume—an increase in manufacturing activity—that 
will do this. 


Sees Wide Spread of Prosperity 


Moreover, with a return of prosperity for the peo- 
ple as a whole, I believe that we will see an orderly 
and effective correction of present unemployment. In 
our own industry, given a reasonable demand for our 
products, we will again absorb our quota of the na- 
tion’s wage earners affording, as heretofore, employ- 
ment on reasonable standards of hours and at good 
wages. The relations between our employees and 
management are in splendid shape. Our industry 
has had a long record of paying good wages, afford- 
ing our employees their fair share of our economic 
prosperity; as well as enhancing the purchasing 
power of the public and the ultimate stability of 


IRON AND STEEL ENGINEER 159 


American business. The Institute has a responsibill- 
ty to see that we so conduct our businesses that we 
may continue to be in the forefront of whatever 
movements may be necessary for social progress. 

We must not neglect this duty. I have cited the 
splendid work which the steel industry has done in 
relieving distress among its employees during this 
depression. Splendid as this has been, however, it is 
only fair to say that the industry in the main was 
not prepared to meet the situation as adequately as 
would have been the case if reserve funds for unem- 
ployment had been built up in times of prosperity. 
As we emerge from the depths of this depression, 
industry should profit by the experience of the last 
three years and voluntarily, both as a matter of so- 
cial justice and sound business, work out with its 
employees and put into effect plans of unemployment 
reserves to help meet any future depression. 

Legislation should not be required to do this job 
any more than it has been necessary to assure the 
introduction of pension and other relief plans. If 
legislation proves necessary in specific instances, it 
should be so drawn as not to affect vr impair volun- 
tary activity by forward-looking industries. Other- 
wise, years of progress and voluntary action would 
be endangered. 


Calls on Steel Industry to Set Up Unemployment 
Reserves 


We can work out voluntarily in this industry a meth- 
od of providing reserves commonly called “unemploy- 
ment insurance” that in the end will be of greater 
benefit to our employees and society in general than 
any inflexible compulsory plan which might be forced 
upon us. I, therefore, recommend that the member- 
ship of this Institute give consideration at the earli- 
est possible opportunity to the formulation and adop- 
tion of adequate unemployment reserve plans for the 
protection of their employees in future periods of 
business recessions. 

Now for a final word. As a veteran in this busi- 
ness | cannot close these remarks without a word 
of congratulation to you who are carrying the indus- 
try through these difficult times. You boys must 
feel as though you have been through a continuous 
mill. You have been rolled, flattened and crimped 
by the past three years; but the original heat was all 
right, and you have passed through the testing room 
with flying colors. 

The steel industry by its very nature is a pecul- 
iarly difficult business for swift adjustments. A steel 
company cannot get its supplies on the spur of the 
moment, build or tear down its equipment within a 
few weeks. It must have large supplies of raw ma- 
terials and enormous investments in plants covering 
wide areas. Such an institution must be built in 
such proportions during active times, involving an 
overhead of fixed charges and taxes, which prove ex- 
tremely burdensome in periods of low operations. 
The managements of the companies in the steel 
business have made short-cuts, taken enormous de 
creases in income, have bought shrewdly and have 
operated the plants with maximum consideration for 
the welfare of the stockholders, the employees and 
the public. If our fixed charges have made it im- 
possible to earn a profit, we have nevertheless kept 
our financial structure in reasonably sound condition. 
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Management in Step with Changed Conditions 


We have kept the real property of our corpora- 
tions, namely the plants and other facilities, in prop- 
er condition where they will be usable to the fullest 
extent as soon as conditions warrant. In view of the 
times we have been passing through, | believe we 
may feel that the management in the steel industry 
has accomplished a tremendous task in. essentially 
maintaining the status of the various corporate units. 

Our eyes are now lifed to the future. The present 
upturn has done wonders in instilling hope in the 
hearts of everyone. As Chairman of this Institute, | 
say that the men of this great industry will tackle 
the problems ahead with characteristic vigor and en- 
thusiasm. We shall play our part in restoring sta- 
bility to a recovering world. We have been through 
some trying times, to be sure, but they have not 
dimmed our optimism. I would remind you, as I 
have betore, that after each set-back in the past we 
have advanced to greater heights. We are ready to 
go onward and forward with faith in the future of 


Fe] 


our industry and our country. 


The National 
Industrial 
Recovery 


Bill 


By HON. ROBERT P. LAMONT, 
President of The American Iron & Steel 
Institute 


Presented before the American Iron and 
Steel Institute May 25, 1933 


The National Industrial Recovery Bill now pend- 
ing in Congress is an effort on the part of the Ad- 
ministration to start this country out of the depres- 
sion by spreading work and increasing buying pow- 
er. To accomplish this, it is declared that a national 
emergency exists and it is to be the policy of Con- 
gress, under its powers to regulate interstate com- 
merce, to promote the organization of industry for 
the purpose of co-operative action among trade 
groups, to induce and maintain united action of 
labor and management under adequate governmental 
sanctions and supervision, to eliminate unfair com- 
petitive practice, to reduce and relieve unemploy- 
ment, to improve standards of labor, and otherwise 
to rehabilitate industry and to conserve national re- 
sources. 

The weaknesses of our present industrial system 
are naturally exaggerated in times of depression. We 
are all aware of the evils that have grown up under 
the present competitive system. We cannot overlook 
the fact that a minority in almost every industry 
has been guilty of unfair competitive practices whic 
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have tended to weaken confidence and morale and 
destroy the high standards which the majority would 
like to maintain. 

An important feature in the proposed law is that 
which, under certain conditions, exempts industry 
from the antitrust laws of the United States. ‘This 
is the result of the insistence of many business men 
and organized business groups upon such modifica- 
tion. It has been thought by many that business 
could be managed to better advantage if competitors 
could get together without violation of law and con- 
trol production and prices and other competitive 
practices, and perhaps it is fortunate that we are to 
have an opportunity to experiment with a measure 
of freedom trom the restraints of the antitrust laws, 
combined with more supervision and regulation by 
government than we have been accustomed to. We 
may be able to judge the results before the change 
is made by a permanent policy of government. 

The bill gives the President almost unlimited 
powers to carry out its provisions. He may employ 
the necessary staff, establish administrative agencies 
to aid in enforcing the bill, and may delegate his 
own powers to other individuals. The President, 
also, has the authority to approve or reject codes ol 
fair competition submitted to him by organized in- 
dustrial groups, or to modify these codes so as two 
effectuate the policy of this bill. Industries which 
do not voluntarily adopt codes may be compelled to 
bring their competitive practices in accord with regu- 
lations which the President may establish. His 
powers also permit him to approve oi agreements 
among business groups and labor organizations, and 
in enlorcing the provisions of the bill, he may re- 
quire industries to operate under federal licenses 
which may be revoked for violation of the provisions 
of the measure. In those industries which are un- 
able or unwilling to enter into agreements with labor 
regarding wages, hours of labor and working cond1- 
tions, the President is empowered to establish and 
prescribe such standards. 

The normal procedure contemplated by the biil 
is that trade and industrial associations or groups 
in the various industries should agree upon a code 
of fair competition which will be submitted to the 
President for his approval. If the President finds 
that such associations are truly representative of 
their industry, and impose no inequitable restrictions 
on membership, and that the proposed code is not 
designed to promote munopoly or to eliminate or 
oppress or discriminate against small enterprises, he 
may approve the proposed code. As a condition oi 
his approval, the President may require the making 
of reports and keeping of accounts, or may impose 
other conditions for the protection of consumers, 
competitors, and employees. He may also make ex- 
ceptions and exemptions from the code. 

After the President approves a code, it then be- 
comes a standard of fair competition for the indus- 
try, binding not only upon those who belong to the 
trade organization and have agreed to the code, but 
also upon all others engaged in that trade or indus- 
try. Any violation will be considered an unfair 
method of competition, subject to the jurisdiction of 
the United States District Courts, and punishable by 
fine. 

Section 7 of the Bill is one that will cause a good 
deal of concern and will be subject to various inter- 
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pretations. Amendments to this section have alread) 
been proposed by the American Federation of Labor. 
This section specifies three mandatory provisions 
which must be included in any code of fair competi 
tion to be approved by the President. They are, 
first, that employees shall have the right to organize 
and bargain collectively through representatives oi 
their own choosing; second, that no employee, and nu 
one seeking employment, shall be required as a con- 
dition of employment, to join any organization or 
refrain from joining a labor organization of his own 
choosing; and, third, that employers shall comply 
with the maximum hours of labor, minimum rates 
of pay and other working conditions approved or 
prescribed by the President. 


‘(b) The President shall, so far as practicable, af 
ford every opportunity to employers and employees 
in any trade or industry or subdivision thereof with 
respect to which the conditions referred to in clauses 
(1) and (2) of subsection (a) prevail, to establish 
by mutual agreement, the standards as to the maxi 
mum hours of labor, minimum rates of pay, and such 
other working conditions as may be necessary in 
such trade or industry or subdivision thereof to et 
fectuate the policy of this title; and the standards 
established in such agreements, when approved by 
the President, shall have the same effect as a code of 
fair competition, approved by the President under 
subsection (a) of section 3.” 


Many of the individual plants of the iron and 
steel industry have had in operation for many years 
machinery whereby the employer and his employees 
mutually discuss and decide questions of wages, 
hours and other matters of common interest. ‘Lhis 
method, which has proven its adequacy and effective 
ness in maintaining satisfactory labor conditions in 
the past, can be expected to provide the means for 
complying with this provision of the bill. 


If the employers and employees of any industry 
are unable to reach a satisfactory agreement, the 
President is authorized to investigate conditions in 
that industry and to prescribe maximum hours of 
labor, minimum rates of pay and other working con 
ditions which shall be binding upon all members oi 
the industry, or subdivision thereof. The bill does 
not require that minimum rates of pay established 
by mutual agreement between employers and em 
ployees, or prescribed by the President, shall be uni 
form for all classes of employees, or for all localities. 
In fact, it is clear that the minimum wage will vary 
according to the experience and skill of employees 
affected, and according to the locality of employ 
ment. The provisions of the bill forbid the estab 
lishment of maximum rates. 


There is one serious omission in the bill to which, 
[ think, I should call your attention. It is obvious, 
of course, that the operation of the bill, the purpose 
of which is to shorten work hours and maintain fan 
wages and prices, will tend to increase costs and 
selling prices and thus make this market a still more 
attractive field than it now is for foreign goods. 
There is no provision now in the bill to offset this 
competition, but an amendment, which has_ been 
drawn, will do so if it is adopted. The tariff truce 
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until after the adjournment of the World Economi 
Conference is a serious difficulty but may not be in 
surmountable. 


The second part of the bill creates a federal emer 
gency administration of public works and provides 
lor a comprehensi\ e construction program to be un 
dertaken under its guidance. Inasmuch as many ol! 
these projects will require the use of considerabie 
tonnages ot steel, this program is of obvious interest 
to our industry. 


lt is with the industrial features of the bill, how 
ever, that we are more immediately concerned. ‘the 
success of this plan in accomplishing its stated pur 
pose will be determined almost entirely by the char 
acter of its administration and by the spirit and man 
ner in which industry itself carries out the provisions 
ot the law. The bill possesses such vast potentiali 
ties for good or evil, such great possibilities ot suc 
cess or failure in attempting self-government in in 
dustry, that it challenges all our practical experience 
and intelligence. The lip service which we have 
been so ready to render to the ideal of co-operation 
and the maintenance of ethical standards will now 
be supplemented by a very real co-operation and 
standards enforced by law. The selfish and often 
ruthless minority will now be compelled to conform 
to a code of fair and ethical practices which makes 
the welfare of the entire industry, and of the nation, 
its chief concern. 


Moderation, restraint, fair play will be just as 
necessary in operating under this law as under ex 
isting’ competitive conditions. The conduct of busi 
ness will not be any easier; indeed, it may be much 
more difficult than under the highly individualistic, 
independent conditions we have been accustomed to 
for many years. 


Your Executive Committee is carefully studying 
this new plan which the President has described as 
a partnership between government and industry; 
\LL members of the industry should give it carefu! 
consideration and submit any suggestions or reser 
vations which you have in mind regarding a code oi 
fair competition for the steel industry. If the bill 1s 
passed by Congress in such form that the industry 
of the country generally finds it practicable and 
workable, your officers will no doubt be instructed 
to prepare such a code and your suggestions will re 
ceive careful consideration. 


Obviously, decision on the many questions of 
policy involved is especially difficult in an industry 
which is as complex and widely distributed geo 
graphically as the steel industry. There have always 
been variations in prices, wages and working condi 
tions in the various steel producing centers and in 
the many branches of the industry. Some members 
of the industry produce practically every item of iron 
and steel and by-products; some specialize in a few 
items; there are differences in location with respect 
to supplies of raw materials, in types of transporta 
tion, in markets and in methods of distribution. 


I am sure that the members of the steel industry 
are fully in sympathy with the purposes of the pro 
posed bill. Within the limits of their ability to do 
so they are anxious to co-operate in any sound plan 
to revive business and increase employment 
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A striking change has come over the modern ma- 
chine shop. Scattered throughout are numerous 
lights; some are bluish, sputtering ones of great in- 
tensity with hooded, ghoulish figures attending them 

others are bright yellow, throwing off at times 
showers of sparks. 

These lights mark a new era in machine construc- 
tion, for two new fabricating processes have been 
introduced into this industry—flame-cutting and 
welding. These processes have in turn introduced 
a new type of construction and a new material, roll- 
ed steel. 

It is not the purpose of this paper to deal tech- 
nically with these processes as each is a subject 1a 
itself, but a review or summary of their latest devel- 
opments is necessary to properly appreciate the ex- 
amples of this type of construction which will be 
presented later. 


PROCESSES—Flame Cutting 


Flame cutting by the oxy-acetylene or some equiv- 
alent process is a far-reaching development in the 
field of machine construction and it particularly is 
responsible for the entrance of rolled steel into this 
market. 

Before this process was perfected, the only meth- 
od of cutting steel was by shearing or machining. 
Shearing was limited to thicknesses of about 34 inch 
to 1 inch where reasonably good edges were required 
and machining was very expensive. If the contour 
was irregular, the cost of machining was almost pro- 
hibitive. 

By flame cutting practically all thicknesses of 
metal can be cut and with reasonable accuracy. The 
accuracy depends on the thickness of the metal. For 
2-inch plates the cutting tolerance can be held to 
plus or minus 1/32 inch to 1/16 inch and for plates 
or slabs 24 inches thick, plus or minus 3/16 inch. 
The squareness and finish of such cuts are compar- 
able with rough machining and are being accepted 
as satisfactory surfaces for many machine parts with- 
out further machining. 

Practically all steels used in machine construction 
can be flame cut without injury to the physical qual- 
ities of the metal, but in the higher carbon steels 
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they are preheated before cutting and normalized 
alter cutting. 

Automatic machines are available for straight 
and circular cutting and pantographs for irregular 
shapes. From the examples of the skill developed 
by workmen using these devices, their possibilities 
seem unlimited. 


Welding 


In speaking of welding, the term will refer to 
“fusion” welding, either gas-torch or electric arc, as 
these methods are the ones commonly used in ma- 
chine construction. Torch welding is usually used 
in fabricating thin sheets, although its use is not 
confined to this eld. Electric arc welding is used 
extensively in all kinds of machine construction. 

Almost all metals can be welded but we are con- 
cerned only with steel in the forms in which it is 
used in this field of application. Low carbon steel 
is welded with little or no trouble, but as we ap- 
proach the higher carbon ranges the difficulties in- 
crease. Alloy steels must be considered from a view- 
point of the alloys involved, and while they can be 
successfully welded, each presents a problem: of its 
own. Cast steel is welded satisfactorily without dif- 
ficulty, which is not the case with cast iron. 

In fusion welding, molten metal is deposited and 
fused with a parent metal. The composition of the 
added metal, the conditions under which it is fused 
and the treatment it receives in cooling determine 
the physical characteristics and strength of the joint. 
These factors are controlled to a great degree by the 
welding procedure and the kind of material used, 
but with good practice today, the weld metal as de- 
posited has a tensile strength of approximately 65,000 
lbs. per sq. in., a ductility corresponding to a 30% 
elongation in 2 in. and a fatigue limit of 24,000 Ibs. 
per sq. in. Also, and this is important to note, there 
need be NO zone or plane from parent metal, through 
the weld metal and back to the parent metal again, 
which is not substantially equal to the parent metal 
itself if the proper procedure and proper materials 
are used. 

Speeds and costs of welding have no place for 
discussion here as they are dependent upon many 
variables, but with the development of coated rods 
and automatic welding machines such figures are 
changing daily and it requires very little imagination 
to multiply or divide them by ten for the near fu- 
ture, in which case it is impossible to visualize the 
extent of the application of this construction. 


COMPARISON OF MATERIALS 


In mentioning rolled steel in a preceding para- 
graph as a new material for machine construction it 
was done with a full knowledge that it has been 
used to some extent for this purpose for a number 
of years, but its use has been restricted by the fact 
it could not be readily cut into irregular shapes and 
the only methods of fabricating were riveting and 
bolting. During this period its use was confined 
largely to frames for conveyors and roller tables, 
cover plates and small parts of rather minor import- 
ance. Irregular shapes and parts of complex con- 
struction required that the part be cast. The devel- 
opment of flame-cutting and welding now enables us 
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to produce in rolled steel practically any machine 
part regardless of its size and shape or complexity. 

In taking its place in this field rolled steel is, of 
course, replacing castings; cast iron principally but 
cast steel also to a great extent. This is due to cer- 
tain physical advantages it possesses and to advan 
tages gained through the new method of fabricating. 

The most important physical property of a ma- 
terial for machine construction is a high modulus oi 
elasticity, or in other words a high resistance to de- 
formation. In this respect rolled steel is the best 
material available for the purpose, as it has a modu- 
lus of elasticity of about thirty million pounds per 
square inch as compared with only twelve million 
pounds for cast iron. This means that cast iron will 
stretch two and one-half times as much as steel un- 
der similar loading. 

Compared with cast iron, simply as a material for 
machine construction, steel has many advantages be- 
sides strength to recommend it. It is much more 
homogeneous, its physical properties are more readi- 
ly determined and for all practical purposes are con- 
stant. It has sufficient ductility and can be bent or 
formed within reasonable limits without material in- 
jury to its physical properties. It is also free from 
brittleness in the grades commonly used for this pur- 
pose and has a great resistance to fatigue. Cast iron 
is much inferior in these qualities and the forms in 
which it is produced also tend to cause undue con- 
centrations of stress which reduce its value in ser- 
vice. 

Compared with cast steel as a material for ma- 
chine construction, the superiority of rolled steel is 
not so marked. In physical properties there is little 
difference in well-chosen test pieces but in actual 
practice rolled steel is much more reliable, as there 
is not the same danger of blow holes, segregation, 
undesirable grain structure and internal strains from 
shrinkage. Another advantage of rolled steel is that 
it is obtainable in a great variety of grades with a 
wide option as to the physical properties, and as 
practically all grades of steel can be welded, this 
enables the designer to provide for highly stressed 
members, wearing surfaces and other special condi 
tions in one unit. 


WELDED STEEL CONSTRUCTION 
Material 


The material to be used and the process by which 
the material is to be fabricated determine many oi 
the important factors in the design of machinery. 
They also affect the style or appearance of the struc 
ture. 

A mechanical artist now has a new medium and 
in order to obtain the best results he must study it 
thoroughly, just as any other artist must study a 
new medium. It means a thorough grounding in 
fundamentals and much practice on simple problems 
before the more complicated ones can be mastered. 
It is just as inconceivable that an accomplished paint- 
er can master the intricacies of etching without 
months of heart-breaking failures as that a machine 
designer steeped in foundry tradition can master the 
art of welded design without a corresponding period 
of grief. Consultation with an expert in this line is 
advised. 

The first difficulty he encounters is the lack of 
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limitations, or rather the greater amount of freedom 
and flexibility this new medium permits. The ten 
dency is to weld, weld, weld! This is costly and un 
necessary and the designer will soon learn 
choose his material that it will require a minimum 
of welding. In many cases the best welded design 
is the one with the least amount of welding. | 

The choice of material is of utmost importance. 
There are available a great number of rolled sec 
tions and a thorough knowledge of them is indis 
pensable. 

They include billets, plates, structural 
shapes in various forms, bars of all descriptions, pipe, 


to so 


slabs, 


forgings, steel castings and specially rolled sections, 
which can all be incorporated into the design. There 
is a great difference in the price per pound of these 
products and many of them can be had in various 
grades of steel, so with the wide choice of materials 
and their varying costs, besides the actual welding, 
it is not a simple problem to work out the most et 
ficient and economical design for a given job. 

Generally speaking, rolled sections are the most 
economical. Formed sections come next, followed 
by welded ones. In other words, a rolled channel is 
cheaper than one formed from a plate, and one form 
ed from a plate is cheaper than one welded from 
three flat steel members. On the other hand, while 
a rolled I-beam is cheaper than a welded one, if the 
beam is to be curved rather than straight, the welded 
one, flame-cut from a plate, might be more econom 
ical. 

Forgings are usually much higher in cost than 
rolled steel on a per pound basis, but in many cases 
they can be used to advantage. Irregular shapes, 
flame-cut from billets or slabs, can often be used in 
There are so many factors usually 
a problem 


place of forgings. 
involved in such cases that each job is 
in itself. . 

Special shapes are also high in cost, but if the 
job warrants, they are available, and if sufficient 
tonnage is involved, the roll cost can be absorbed by 
the steel manufacturer by a special arrangement. The 
field for such material is naturally for machine parts 
built in great numbers. While special sections have 
not been used to any great extent up to the present 
time, they present possibilities for the future and the 
inquiries received indicate that engineers are think 
ing along such lines. 

For most work the ordinary shape book or ware 
house stock list will furnish all the information nec 
essary on shapes, plates and bars, but for heavier 
construction, where the limits of the mills are 
reached, the question of material should be taken up 
with the manufacturer, as there are many factors 
involved which should be the subject of negotiation. 
In rolled plates reasonable limits, which are perhaps 
representative of the industry, are 146 inches wide, 
15 inches thick, with a weight limit of 30,000 pounds. 
For forged plates a common width limit is 150 inches 
and the weight limit 150,000 pounds. The thickness 
will sometimes depend upon the amount of reduction 
necessary. Experience indicates that these limits will 
furnish material for practically all machine construc 
tion. 

In submitting inquiries to the steel manufacturers 
for material for welded construction it is of utmost 
importance that sufficient information be given them. 
Surface requirements, flatness, size tolerances and 
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quality all enter into the question of price, and the 
more that is known about these things the more in 
telligently the inquiry can be handied. Otherwise 
the manufacturer might quote on a highly finished 
plate rolled closely to size and carefully flattened for 
a part that is to be machined all over and could very 
well be made from a billet or slab, which would 
naturally take a very much lower price. Where the 
material is to be flame-cut at the mill it is also im 
portant that full information be given. A complete, 
detailed drawing of the part showing the proposed 
machining is desirable. 

While there is a great variety of material avail 
able, the designer will do well to confine himself to 
the fewest number of shapes and sizes, as some ot 
the published shapes are not always quickly avail 
able. ‘She fewest number of shapes and sizes should 
serve the greatest number of uses. 


Design 


A most important thing for the designer when 
first taking up welded construction is to clear his 
mind of the restrictions imposed upon design by casi 
construction, such as patterns, shrinkage, flow of 
metal, ete., as it is desirable if the best results are to 
be obtained to take full advantage of the superior 
qualities of rolled steel. Replacing cast iron or cast 
steel with rolled steel, part for part, section for sec- 
tion, results in nothing gainful. It is true something 
might be saved in weight but it would probably be 
at the expense of stiffness. It is also likely such a 
structure would cost more than the casting, due to 
the excessive amount of welding required. The great 
est objection, however, is that the design which may 
have been an excellent one for cast construction is 
carried out in a material to which it is not suited, 
and all the advantages’ to be gained from the use of 
the better material are lost. 

The best way is to start anew with a careful 
analysis of the function of the machine and its com- 
ponent parts. The direction and magnitude of the 
stresses involved should be calculated as closely as 
possible, their relation to each other studied, and then 
the best adapted rolled steel sections should be se- 
lected and combined in the simplest possible way. 

\ fine example of this is the welded steel mill 
housing. The essential element in a mill hous- 
ing is a closure, which will confine the rolls 
to vertical alignment and permit of vertical adjust- 
ment and vertical pressure. Obviously, a rectangular 
closure would be a poor one from a standpoint ot 
stresses, so by rounding the ends we have an elon- 
gated link and by inserting a screw jack between the 
rolls and the inside top of the link it fulfills all the 
requirements of a housing. All that is now neces- 
sary is to provide feet which will assure its main- 
taining a vertical position. If the designer had at- 
tempted to reproduce a conventional housing in weld- 
ed steel with all its irregularities of contour and sec- 
tion, the result would have been entirely different and 
perhaps not practical from a cost standpoint. 

This job is also an example of the help the steel- 
maker can give the designer if he is acquainted with 
all the factors involved. The housing was originally 
designed for plates 2 inches thick, but on account of 
the great percentage of scrap and excessive machin- 
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ing, it was suggested it be made of thick forgings, 
in which case an allowance based on the price ot 
slabs could be made on the material cut from the 
center. ‘This center piece amounted to 46% of the 
weight of the rectangular slab, from which it was 
cut, and the allowance, which was a perfectly legiti- 
inate one, made the design commercially possible. 

A designer wiil soon find that certain devices are 
now feasible which were practically impossible in 
cast construction. One of these is the box section, 
which has excellent resistance, not only to tension, 
compression and bending stresses, but also to tor- 
sional stresses. Rigidity 1s most essential in machine 
construction, and as stresses are frequently very com- 
plicated and very difficult of analysis, such a section 
enables him to obtain the required resistance to de- 
flection without resorting to excessive weight. 

The design and placing of welds is extremely 
important. Welds are joints, and any form of joint 
involves a local concentration of stress. While weld 
metal 1s comparable with the parent metal in modern 
welding, the joint should not be unnecessarily sub- 
jected to frequently reversing stresses, shocks or re- 
peated overloads of great intensity. A welded joint 
whose length is parallel to the direction of stress 
resists impact much better than one at right angles. 
A little ingenuity and forethought will usually enable 
the designer to place welds in favorable, rather than 
unfavorable, positions. 

It is also desirable for the designer, who is fami- 
liar with all the conditions and requirements of the 
structure, to determine the welding procedure and so 
designate it that there will be little left for the welder 
but to follow instructions. Procedure is just as im- 
portant in welding as in any other shop process and 
as long as drawings go to the shop simply marked 
“weld here” we will have weld failures. 

Welding, regardless of the method employed, re 
quires heat and although this heat is localized, it 
sets up stresses which must be relieved. This fact 
should be ever present in the mind of the designer 
and also the welder, as it is possible through the 
proper design and welding procedure to keep these 
stresses down to a minimum. Such stresses as re- 
main are relieved by two methods—the first by peen- 
ing the weld layers thoroughly during the welding 
process and the second is by annealing the structure 
when partially or wholly finished. The method of 
stress-relieving will largely depend upon the type and 
size of the structure. 

Waste in flame-cutting irregular shapes is a prob- 
lem which common sense should solve. Material 
should be ordered and designs made with a view to 
using up as much of the stock purchased as possible. 
Only one suggestion can be offered which might help, 
and that is to have the flame-cutting done by the 
steel manufacturer at the mill where there is only a 
slight probability of the purchaser using the discard. 
In this way an allowance is obtained on the scrap, 
the freight is saved, as well as the cost of later cut- 
ting it up into charging box size. 

In suggesting the designer should forget certain 
things regarding castings and foundry practice, it was 
not meant he should entirely forget the foundry’s 
existence. The foundry has its place in the picture, 
for certain parts can be made cheaper of cast steel 
than rolled steel. The ideal construction will always 
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be the one which is most economical and still fulfilis 
all the requirements. No objection can be made to 
a combination of cast steel and rolled steel and the 
beauty of this fabricating process is that they can 
be welded together without difficulty. 

Some electric motors are made with one bearing 
pillar of cast iron and the other of welded steel, in 
which case cost is no doubt the deciding factor. 

Bearings on welded steel gear cases are usually 
made cheaper of cast steel because they are simple, 
inexpensive castings, while a similar part of rolled 
steel means a forging or a difficult flame-cutting job 
If made of cast steel they are welded onto the rolled 
steel case with the same facility as the forging or 
Hame-cut part. 

Very often small bearings and other parts can be 
SO designed that they can be used in a number oil 
places, which distributes the pattern cost and brings 
the unit cost of the casting below that of a welded 
steel part. 

Great strides have been made in stress analysis 
through the study of small scale mode!s wth the 
aid of the photo-elastic ray and other devices. These 
studies have enabled engineers to locate and to some 
extent measure stress concentrations. They are now 
avoided rather than overcome by simply adding more 
metal at these points, and the trend is toward sim 
plied design wherever possible. \Weided construc 
tion lends itself admirably to this movement, for as 
design becomes more refined and exact, it become: 
increasingly important to use a material the strength 
of which is known within very close limits. Fre 
quently, castings which have failed in service have 
been re-designed and built of rolled steel and through 
refinement of design the weight has been materially 
reduced, while the strength of the part increased. 

The advantages of welded rolled steel construc 
tion may be summed up as follows: 


Weight 


Due to its strength and reliabiiity, welded stee! 
construction can frequently be made less than halt 
as heavy as an equivalent construction of cast iron. 
This is particularly true of parts subjected to ten 
sion, bending or torsional stresses. 

Considerable saving in weight is also shown over 
cast steel construction. ‘This is due not only to the 
reliability of the material, its definite physical quali- 
ties and the absence of defects but also to the more 
economical placement of material, for the flow of 
metal is no longer a dimensional factor in the design 
of the various parts. 

This saving in weight is reflected not only in the 
first cost of the machine but also in transportation 
charges and frequently in the construction and cost 
of supporting structures. 


Cost 


The subject of cost is a difficult one. Generally 
speaking, if only a few parts are to be made, rolled 
steel is unquestionably cheaper providing the parts 
or units are not exceptionally intricate ones, which 
require an excessive amount of welding or waste of 
material. If a great number of parts are made, the 
original pattern expense is soon dissipated and a 
casting may be cheaper. In production work, tools 
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and jigs for welding are also cost factors which must 
be considered. 

Such parts as machine bases and bed plates are 
almost always cheaper in rolled stee! on account of 
the relatively small amount of welding and fitting 


for the weight involved. They are usually made ot 
rolled sections cut to length and fitted with very 
little labor or waste of material. There is usually a 


greater saving in replacing cast iron than cast steel. 
A very important item of expense where castings 
are used is a loss occurring when defects are un 


covered by machining. This usually necessitates the 
scrapping of the piece with the attendant loss of 
time and labor already expended. Any defects that 


might occur in rolled steel are usually uncovered 
during manufacture at the mill, and thus do not 
entail a loss to the machine maker. 


Inventory 


The stock of cast parts which a manufacture 
must carry to insure steady operation of his plant is 
an important item of expense. An ample supply of 
some parts must be kept on hand and patterns for 
others stored and kept in 
considerably to the costs. 

With welded construction, a relatively small stock 
will suffice, particularly if care has been exercised in 


200d order. This adds 


the design so that one size of plate or one section 
is used for as many parts as possible. The excellent 
warehouse facilities throughout the country can also 
be used for urgent needs for unusual sizes. 

Many rolling mills are taking an inventory of the 
patterns carried and where the part can easily be 
made of welded steel construction, a drawing is made 
and the pattern scrapped. When the part is needed 
it can usually be built as quickly as the pattern can 
be conditioned and a casting procured. 


Obsolescence 


For a manufacturer to keep his product up to date 
and competitive requires constant changes in design. 
Many times such changes are not made because of 
the expense involved in scrapping a stock of cast 
parts and making new patterns. If built of rolled 
steel it is frequently possible to change a part en 
tirely and still make it from the same stock. Minor 
changes seldom present any difficulties and even the 
jigs and fixtures can be modified with little expense 
if they also are made of the same construction. 

This feature is particularly important in this day 
when machines are continually becoming more spe 
cialized and improvements are being developed with 
great frequency. It enables a manufacturer to adapt 
a standard machine to unusual conditions at very 
little expense. 


Deliveries 


For machines manufactured in quantities, labor 
costs and machining time depend on the details of 
the parts involved. Generally, there is less machin 
ing with welded construction than with cast con 
struction if the parts are properly designed, and con 
sequently a saving in time is feasible. However, the 
big saving in the time required in manufacture is in 
the case of special or new machinery where new pat- 
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terns must be made and new castings secured. Fre- 
quently a rolled part can be flame-cut and welded in 
less time than required to make the pattern. 

In the construction of a large rolling mill, the 
casting for the housing is usually the last part to be 
delivered to the machine shop as it requires a long 
time to make the pattern, prepare the mould, pour 
the metal and let it cool. It must then be annealed. 
In the case of the mill mentioned before where the 
housing was made of welded construction, the first 
piece to be delivered to the machine shop was the 
housing and machining started immediately. 


Conclusion 
Our chief interest in any innovation or new de- 
: : + : ah 
velopment is its effect upon our own industry. The 
effect of this new method of construction on the steel 
industry will be far-reaching. 
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It will enable us to devise better equipment from 
a viewpoint of function, service and cost. 

A large part of the tonnage now going into cast- 
ings will be the product of our plate and structural 
mills. Yesterday we tried to visualize a 15 to 20% 
conversion; today’s indications are that 60% is nearer 
the correct figure and developments in the near fu- 
ture will possibly force us to again revise our ideas. 

Perhaps the most outstanding result of the intro- 
duction of this method of construction is the birth of 
a collateral industrial unit, the “Weldery”. Commer- 
cial welderies are being established in various dis- 
tricts which will specialize in welded steel construc- 
tion. Their business will no doubt replace to an 
appreciable extent that of commercial forge shops 
and foundries, and from estimates made by those in 
close touch with this development they offer a poten- 
tial business of several million tons of rolled steel 
products annually. 





ITEMS OF 


INTEREST 





PERSONNEL CHANGES 


Chester McDowell has been appointed superin- 
tendent of rolling mills of the Washburn Wire Co., 
Phillipsdale, R. I. For two and a half years he had 
been associated with the United Engineering & 
Foundry Co., Pittsburgh, and prior to that for a 
period of 14 years he had been connected with the 
sourne-Fuller Co., Cleveland, and the Republic Steel 
Corp., Youngstown, O. 

A 

Herbert G. R. Bennett, assistant superintendent 
of the Youngstown, O., district bar mills of Carnegie 
Steel Co., Pittsburgh, has been named assistant gen- 
eral superintendent of the Duquesne works. 

+ 

Frederick L. Pierce has resigned as vice president 
of the Cutler-Hammer Inc., Milwaukee, manufactur- 
ing electric control devices. He has not been active 
in the business for some time. He remains a mem- 
ber of the board of directors. Henry F. Vogt, treas- 
urer, has been elected vice president, continuing as 
treasurer. 

” 

Mr. W. F. Kurfess, manager of the mill depart- 
ment of Joseph T. Ryerson & Son, Inc., has been 
appointed assistant vice president of the company. 

Mr. M. J. Hartigan succeeds Mr. Kurfess as man- 
ager of the mill department. 

A 

The Homestead Valve Manufacturing Company, 
Coraopolis, Pa., have just appointed the following 
exclusive representatives for the sale of ‘Hypressure 
Jenny’, vapor spray machine used for automotive, 
industrial and building cleaning. 

Mine & Smelter Equip. Co., 7th Ave. and Santa 
Fe Tracks, Phoenix, Arizona. (covering the State of 
Arizona). 

R. S. Armstrong & Bro. Co., 676 Marietta Street, 
Atlanta, Georgia. (covering the State of Georgia). 

Nixon-Hasselle Co., Carter at 13th St., Chatta- 
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nooga, Tenn. (covering Middle and Eastern Tenn.) 
- 


STEEL OFFICIALS HONORED 


The Gary Memorial Medal, established by the 
American Iron and Steel Institute to honor Elbert 
H. Gary, its Founder and first President, and to per- 
petuate the memory of his achievements in the iron 
and steel industry, was this year awarded to Willis 
I, King, Vice President of the Jones & Laughlin 
Steel Corporation. In presenting the medal, Chair- 
man Charles M. Schwab announced that it was “for 
his oustanding achievements as a leader in inspiring 
high ideals and promoting confidence and good will 
in the welfare of the iron and steel industry.” 

Mr. Schwab also presented the American Iron 
and Steel Institute Medal to Clarence B. Randall, 
Vice President of the Inland Steel Corporation, Chi- 
cago, Ill. 


+ 


OBITUARIES 


Harry Hudson Cutler, founder of the Cutler- 
Hammer Co., Milwaukee, and widely known inven- 
tor in the electrical control industry, died May 21, at 
Miami, Fla. He was born in Boston and established 
the Cutler-Hammer business in Chicago in 1893. 
Several years later it was merged with the American 
Rheostat Co. of Milwaukee, and the plant was moved 
to Milwaukee. Mr. Cutler retired in 1917 and re- 
turned to Boston to continue his research and in- 
ventions. During his active career he was granted 
76 letters patent. 

& 

Mr. Leon H. Frank, vice president of Bull Dog 
Electric Products Co., Detroit, Michigan, died at 
Charleston, S. C. on Sunday, May 28th. 

Mr. Frank was motoring back to Detroit with 
his family, after having spent the winter in Florida. 
Arriving at Charleston, Saturday, May 27th, he com- 
plained of illness, was removed to a sanitarium and 
passed away early the following morning. 
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FLEXIBLE COUPLING. 





POOLE 


FLEXIBLE COUPLINGS 





POOLE FLEXIBLE COUPLING 
, IS DIFFERENT from similarly designed types. 


EXCLUSIVE FEATURES—FULLY PATENTED 
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. POOLE ENGINEERING & MACHINE CO. . 
BALTIMORE MD. 





CLEVELAND, OHIO 
Johnson & Bales Co., 
226 Superior Ave., N. W. 





A. |. & S. E. E.— TWENTY-SIX YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 



















IRON AND STEEL ENGINEER 


NO SPRINGS 

NO PINS 

NO BUSHINGS 

NO RUBBER OR ANY 
KIND OF FLEXING 
MATERIALS 


No Troubles 


TOGETHER WITH THE MOST ADVANCED ENGINEERING 
DESIGN ELIMINATE YOUR COUPLING TROUBLES FOREVER. 


Our handbook 


“FLEXIBLE COUPLINGS” 


Should be in your files—Send for free copy. 


POOLE FOUNDRY & MACHINE CO. 


WOODBERRY, BALTIMORE, MD. 


PITTSBURGH, PA. CHICAGO, ILL. 
Ladd Equipment Co., Reitz Sales Co., 
First National Bank 549 W. Washington St. 
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